






KCONOMIC SEBIKS- N»., X. 

GARTsi(iE jHB'''n'» ON Inui stry and ComMur e. No. 7. 


Some Electro-Chemical' CeiUre^s 



Siip:rratt Hughes 

Publishers to tite Victoria University of Manchester 
Manchester: 34 Cross Street 
LoikIou : 60 Chandos Street W.C. 



^)ome iiiiecrro-Chemical 
Centres 


A REPORT 


To the Electors of the (lortside Sehohirshi/>s 


HV 


j. N. PRING, M.3c, 

Gartside Srhutur 



MANCHESTER 
At the Univeiisitv Pkess 
1908 I 





University of NfANciiRSTRR I’uhi.ications 

No. \ U . 



THE GARTSIDE REPORTS. 


'rti® Gartside Reports are the reports made by the 
Gartside Scholars at the University of Manchester. The 
Gartside Scholarships were established in 1902 for a 
limited period, by John Henry Gartside, Esq., of 
Manchester. They arc tenable for two years and about 
three are awarded each year. They are open to males 
of British nationality who at the date of the election 
shall be over the age of (eighteen years and under the age 
of twenty-three years. 

Every scholar must enter the University of Manchester 
for one Session for :i course of study approved by the 
electors. The remainder of the time covered by the 
Scholarship must he devoted to the examination of 
.subjects bearing upon Commerce or Industry in Germany 
or Switzerland, or in the United States of America, or 
partly in one of the above-mentioned countriesand partly 
in others, but the electors m;iy on special grounds allow 
part of this period of the tenure of the Scholarship to be 
spent in .study and travel in some other country or 
countries. It is intended that e.ach scholar shall .select 
some industry, or part of an industry, or some business, 
for examination, and investigate this comparatively in 
the United Kingdom and abroad. The first year’s work 
at the University of Manchester is designed to prepare 
the student for this inve.stigation, and it partly takes the 
form of directed study, from publications and by direct 
investigation, of English conditions with regard to the 
industrial or commercial subjects upon which research 
will be made ahrbad in the second year of the scholarship. 
Finally, each scholar must pre.sent a report, which will 
as a rule be published. 

The value of a Scholarship is about £80 a year for the 
ttme^pent in England, ;{jiSO a year for time .spent on 
the (aontment of Europe, and about ;f25o a year for 
time $peif in America. 




PREFACE. 


The following report is based principally on information 
acquired during visits to several countries on the 
Continent of Europe and to the United States and 
Canada, including British Columbia, during the years 
1907 and 1908. 

Though the electro-chemical industry is developing 
rapidly in many directions, the various works in this 
field are yet comparatively few in number and arc 
located in widely scattered centres. For this reason, a 
comprehensive survey of the subject is made rather 
difficult. Moreover, the majority of electro-chemical 
Wforks are still in a more or less experimental state, 
and the details of the processes are usually held in 
strict secrecy so that admittance is, in many cases, very 
difficult and often quite impossible to obtain by out¬ 
siders. 

The developments of this industry, however, are well 
recorded in several important publications, tlie chief 
journal of this kind being the “Electro-chemical and 
Metallurgical Industry ” (New York). 

In the compiling of this report I wish to acknowledge 
my indebtedness to Dr. R. S. Hutton for his kind 
i^istance throughout and for furnishing me with 
valuable introductions in the United .States to the 
leading people of academic and industrial electro¬ 
chemistry, who gave me much information and kindly 
extended several opportunities for inspecting works. 
In this connection, I have specially to thank Prof. J. W. 
Ricfiard^ Prof. W. D. Bancroft, Prof. S. A. Tucker, 
Mr. E. R. T^lor, Dr. E. F. Roeber, Dr. H» N. Potter, 
Jdr^ J. .A. j^ison, Mr. E. A. Sperry, and ^Ir. G. C. 
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Stone, in the States; Mr. W. H. Aldridge in British 
Columbia; Major Stassano, of Turin; , and 
Schneller, of Harlem. 

The statistics and data given in this volume have been 
chiefly collected from existing publications, reference to 
which is usually given, without further acknowledgment. 

Finally, I desire to record my sincere appreciation of 
the guidance and help I have received from Prof. S. J. 
Chapman, Dean of the Faculty of Economics, who not 
only placed me in a position of forming some judgment 
of the economic side of the question, but has throughout 
tendered me every encouragement and assistance. 
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INTRODUCTION 


The electro-chemical industry is of comparatively 
recent origin, since it is only within the last 20 years 
that it has been possible to employ economically electric 
energy on a sufficiently extensive scale. The rapid 
progress which has been noticeable in recent years has 
gone hand in hand w ith the general advance in electrical 
engineering. 

When elKtrochcmical processes were first exploited, 
great difficulties were met with in obtaining the requisite 
dynamos and other electrical machinery. Thus, so 
recently as 1887, at the time of the installation of the 
Cowles plant for the manufacture of alluminium-alloys 
at Milton, in Staffordshire, the 5<x) horse-power dynamo 
which was specially constructed for this process, was 
considered so great an achievement that it was for some 
time known as the “Colossus”, whereas to-day 10,000 
H.P. generators are in rpiite common use at large power 
stations. 

The whole scope of applied electro-chemistry has thus 
constantly expanded with the general developments in 
electrical engineering and particularly with the cheapen¬ 
ing in the cost of power generation resulting from such 
advances. 

^Since these early day.s, the electro-chemical industries 
have developed along very many different lines, and, 
indeed, few chemical processes have escaped being 
affected in a greater or less degree by the application of 
electrical methods. 

In examining the distrib&tion of electro-rhemical 
worKS, It* is very apparent on how many factors the 
questionr-of tte location of an industry depends. One 
])as^to cofisitpr chiefly the proximity of the njarket and 
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of the sources of the raw material, the availability of 
means of transportation, and the facilities for obtaining 
labour and power. Another desideratum is the vieinity 
of subsidiary industries, which facilitate co-operation 
and, either by serving as a source of materials used in 
the electro-chemical process, or by offering an outlet for 
the products of the factory, give valuable economic 
assistance. 

In most cases it is found tliat electro-chemical works 
gather around centres where cheap power is available. 
This is due to the fact that in the majority of these 
processes, the consumption of power is very great, and 
the outl.ay for this amounts to a very large proportion 
of the total working expenses. Another reason is 
probably to be found in the fact thixt the supply of power 
from an independent source, instead of generating it 
inside the factory, saves the individual company a large 
capital outlay; and as electro-chemical enterprises have 
frequently to fight their way against outside interests, a 
saving in this c.apitalisation is often imperative. 

In this country no revolution has been caused in the 
chemical industry by the introduction of electro-chemical 
methods. 'I'he open compr'tition of old established and 
well developed methods makes the introduction of new 
processes a very slow matter, and even in the case of 
commodities which can only be prepared by electro¬ 
chemical means, it appears to be more economical to 
import these from countries like .America where condi¬ 
tions are especially favourable for the development of 
new processes. 

In .America the electro-chemical industry has made 
very rapid strides. Untrammelled by the existence at 
home of chemical works on a sufficiently extensive scale 
to provide the rapidly (growing demands, the newer 
processes have here found a very suitable localityvfortheir 
development, and during their infancy eripy the foster¬ 
ing influence of a protective tariff. The progress ig 
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America is also due in no small measure to the great 
enterprise and superior technical training of the people. 

The existence of cheap water power may, in some few 
cases, be imperative, and in others,'advantageous for 
the successful carrying on of electro-chemical processes, 
but the relative power expenditure varies so greatly from 
case to case that what is true of one product by no 
means holds g(X)d for another. Gas and even steam 
power, as will he shown later, frequently afford greater 
general economy. 

It is largely from these considerations that a study 
of the economics of the electro-r'hemical industries 
individually, possesses a growing interest in our own 
country, and there can be no doubt that in the near 
future many of these processes will undergo substantial 
development in Great Britain. 




CHAPTER I. 

COST OF POWER PRODUCTION. 

The question of the cost of power production is a very 
intricate one on account of the number of factors which 
have to be considered in this computation. In many 
cases the figures quoted have been vaguely and 
erroneously estimated, either from interested motives 
or through misunderstanding of some of the elements 
which build up the total cost. 

Even with all data at hand, the calculation of power 
cost certainly becomes an involved problem. 

The total cost of generating [xnver by any means 
con.sists of two portions; - 

(1) The “ works costs,” which include such items as 

fuel, oil, water, etc,, and their conveyance, and 
the expenses of management, attendance, and 
accessory dtities. 

(2) ” Capital costs,” which embrace the interest on 

the outlay on machinery ttnd buildings, to¬ 
gether with an adiapiate provision for the 
depreciation of plant, and akso the rent of the 
land. 

These elements of cost are necessarily very variable, 
depending on the locality, size of plant, perfection of 
* machinery, and cost of fuel and habour, and are con¬ 
tinually , being ■ lowered through the refinement of 
methods and improvement of machinery. 

In the case of gas engines, the working cost is low 
owing to the high thermal •efficiency, though the capital 
cast higher than for a steam turbine plant owing to 
the beaviejj initial expen.se. With water power, the 

capita^ expenditure constitutes the bulk of .the total cost 

* * « ^ 




POWER PRODUCTION 

on account of the expense of development and the fact 
that no fuel is required. 

Conclusions as to the cost of power are apt to be hazily 
drawn from the results obtained by electric lighting and 
power companies, although these are so very different in 
character from those engaged in continuous power 
generation on a large scale, which latter alone are of real 
interest in dealing with this question. 

It must be remembered that the load factor, or the 
ratio of the average power to the maximum consumed, is 
of great importance in determining the cost. Thus, in 
the case of companies which supply electric current for 
lighting and power purposes, a load factor of over 
50 per cent, is very rarely obtained, whereas with purely 
electro-chemical processes this will usually reach as 
high a value as 95 per cent. 

Steam Power. 

The following table* contains estimates of power costs 


at several large stations 

in this 

country 

where 

steam 

power is u.sed 

Cost ok !‘owkh Gbneratios. 

Steam. 

Works Costs per B.T.U. 

Coal 


Water 

Oil 

Repairs, 

Total 

Station Per ton Per unit 

Wa^es 

Stores 

etc. 

per Quit 

a. a. 

a. 

a. 

a. 

Newcastle 

(Carville) 5 6 0-078 

0-022 

0-004 

0-016 

0-121 

Sheflield 

(Neepsend) .6 8 0-096 

0-072 

0-003 

0-038 

0-209 

Messrs. Watson 

(Linwood) 8 0 0-148 

0-022 

0-013 

0-022 

0-206 


Capital Costb. 

Per unit 
i. 

10 per cent, depreciation on ,£16 per Idlowatt ... 0 042 
6 per cent, interest „ „ ... 0,0^1 « 

V 0013 

*E. S. HuUot. Bngititerinj (Dec. 7th, 1906), vol. Ixxxii, p, 779. 
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CoNvsMioN Tabu. 

Cost per B.T.U. to cost per H.P. and K.W. year. 
B.T.U. H.P. year K.tV.year 


(!..££ 

1 0 27-4 .'tfifl 

0 5 l,4-7 18-25 

0-2 5-5 7-3 

0 1 2-74 3 65 


1 H.P. ==-76 K.W. 


Gas Engines. 

iMuch may now be expected from tlie development of 
large gax engines w<irked in conjunction with producer 
or bla.st furnace gas, and, especially in the latter ca.se, 
it seems highly probable that u.se may be made in the 
future of power generated in this manner for the 
production of ferrrKalloys and steel, which themsehes 
arc so closely as.sociated with the application of the 
metallurgical products of the blast furnace. 

.Vn e.stimate of power costs in the ca.se of gas engines 
is as follows : * 

For a power house generating 2o,(xx) H.P. with a 
load factor of 05 per cent., using blast furnace gas, 
assumed to be obtained free of cost, the total capital co.st 
of machinery and buildings per brake horse power is 
computed at /to. i.ys., and the total cost pe-r Il.P. 
year, including interest on capital, labour, repairs and 
depreciation of plant is variously fixed at £1. 14s. 4d., 
£1. 17s. 4d., and £2. is. tod., aci-ording to whether the 
life of the plant is assumed at 20, 15, or to years. In 
<hecase of producer gas, obtained from coal, and allowing 
for the value of aijimonia recovered, the estimated cost of 
power is as .shown in the table : - 


Price of ('oa! per ton 
7 k 6d. 

X2 1 9 X2 8 5 

*2 0 2 12 K 

2 '0 3 f 2 16 11 


rife of Plant 

9 *.. 

^2 16 1 ... ‘JOyeare 

2 19 4 ... 16 years 

3 7 ... 10 years 


H J. Kobinson. Merh. Enginrer (April 3rd, 1908), \%1. ixi, p. 430, 
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This estimate appears to be too low, though on the other 
hand an important calculation made by C. E. Lucke* of 
power costs in the States is probably too high. The 
latter deals with oil and gas engines, and steam and 
water power, and the results are as follow :— 

GaH En/nnoM and 

Water Power Oil Enjanes Producer Steam Enginee 
First coat $75'00-200-00 160K.W. 600K.W. 5000 K.W. 


per K.AV. 

units 

$217-00 

$270-00 $110-00-150-00 

Fixed charj(e8 10% 

rate per cent. 

10% 

10% 

10% 

Fixed ohargCH $7‘50-20'00 
per K.W. year 

$21-70 

$27-00 

$16-50-22-50 

Oiwratiiij; and l-OO-5'OO 
Mfj;. cowtH per 

K.W. year 

,56-94 

38-54 

52-56 

Total power 
costs per K.W. 
year 

Witter Power. 

78-64 

65-54 

69-00-75-00 


'Pile cost of water power varies within very wide 
limits, and in some instances descends to an exceedingly 
low ligiire. In other cases, however, water powers have 
been developed at an expense which brings the cost of 
supply almost to the level of that of steam power. In 
the case of the most important water power companiej 
there is usually no information published with regard to 
costs. I-iirge profits arc frequently made, and the price 
is in a large degree adjusted in accordance with the 
demands of the individual consumers. The following 
examples will serve to show the wide variations which 
exist in individual cases. lixamples marked *#ith’ an 

• C. E. Liic^e. Ehctro<'h‘'m. and Mttall. Ind. (1907), vol. .vi. p. 280^ 
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asterisk represent prices at which the power is actually 
s<^d 


Matbr Power. 

Total coats or charges per Klectrical H.P. year to largo consuniera. 


£ 

Niagara*. 3 

Niagara* (Ontario Power 
Company, to mnnieijxalities) 
Niagara* (Power delivered 
to City of Toronto) 

Sault Ste. Marie*... 

Cameron llapid.s, Ontario 


Montreal*. 

Kootenay Power Co., R.C. . 
Mexico*(Kl OroOold Mines) 
Kanawha Falls (Va ) 
Horahora Rapids (New 
Zealand ... 


SvaelgfoMi Norway* 

Notodden, Norway 
Sweden ... 0 

Austria (Meran)*. 

• • • 

Savoy (Bellegarde)* . . 

Savoy (CbedlBe). 

•Tivoli (Italy]^ . 


(Vt Ueinarkh 

>. d. £ ^*. d. 

10 0-4 :i 0 

2 3 6 

2 17 0 
2 1 6 

1 17 3 Total generating and 

transmitting costs 
allowing interest 
at 5 per cent. 

3 3 0 
r> 0 0 

10 0 0 

2 0 0 

3 0 0 ProjiGsal of Waihi 
(Jold Mining Co. 
No transmission 
costs included. 

0 8 3 
0 13 7 

13 0—1 10 0 
2 7 6 

2 4 0 
0 18 4 

3 0 0 DelAcred in Rome. 
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Estimated Capital Cost of Htdbo-Electsic Power Station^. 


Power Propo8e( 

Situation or Installed 

Total Cost 

Cost per ly*. 
InstaUea 



£ 

£ 

s. 

d. 

Lake Titicaca, Peru 

2,000,000 

8,000,000 

4 

0 

0 

Mexican Light and Power Co. 

48,000 

417,000 

8 

14 

0 

Cameron Rapids, Ontario ... 
Augst-Wj'hlen, near Rhein- 

16,350 

168,300 

10 

6 

0 

felden, Basle . 

Socicta Idroelettrica, Ligure, 

30,000 

360,000 

12 

0 

0 

Milan . 

45,000 

600,000 

13 

4 

0 

Aveto Hiva. 

Societa (jcnerale Klettrica 

— 

— 

14 

13 

0 

Adamello, Milan. 

Horahora Rapids, Waihi, 

.30,000 

400,000 

13 

6 

8 

Now Zealand 

4,000 

70,000 

17 

10 

0 

Turin . 

8,000 

231,700 

28 

19 

0 


(including transmisBion lines) 


Mecli. Ejij(ineer, March 27th, 1908. XXf. 

'I’lie importance of this question of the cost of power 
in electro-chemical operations varies very much from 
case to case according to the proportion the power-costs 
bear to other operating expenses and to the value of the 
product. Tile data available for individual cases are 
somewhat scanty. 

The following table serves to exhibit roughly the wide 
differences which exist in some of the principal electro¬ 
chemical industries: — 


Yield |ier H.P. year Approx. Value 
Product in tone per ton 

Copper (refined) . 15 to 24 £58 

Caustic Soda.T4 to 2 4 (75 per cent) £10 (caustic 

also 3 to 5 sods) 

Bleaching Powder. 

Potassium Chlorate. 0 5 to 0'8 £32 

Calcium Carbide . T2 to 2 0 £13 

Ferro Chromium (70 per cent. Cr.) 0-8 £46 

Aluminium. 025 £ll(l 

Pig Iron (from Ore). 2—4 V £3.6 .. 

Steel (from Pig and Scrap)... 10 — 

Lead (Bett’s process) ... 60 £l5 
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CHAPTER n. 

NIAGARA FALLS. 

The Niagara River, in its 25 miles course between Lakes 
Erie and Ontario, has a change of level of 326 feet, 
including a sheer drop of 165 feet at the Falls. The 
energy obtainable from the Nmgara River has been 
estimated at 7,o(X),ooo H.P., and since its recognition 
by engineers as a possible source of power, many 
schemes for utilising it in large quantities h.ave been put 
into practice. 

At first, some hesitancy was felt since coal was very 
cheap in this district (7s. a ton), and there was great 
uncertainty of being abh- to dispose of the power in such 
large quantities, but the optimism of the promoters in 
erecting very large plants h.as been more than justified; 
the demand for |»wer continually increases, and is 
indeed greater than the development of supply. As a 
result of reciMit exhaustive international enquiry the 
development of 75o,(X)o II.I’, has been fixed as a limit 
by the .\nierican and Canadian (iovernmenis with a 
view to preventing serious damage to the beauty of the Falls. 

.At pre.sent the following are the most important of the 
power companies, a total of about 3ix),(xx> H.P. being 
actually monopoli.sed, so that only a small percent.age of 
the total flow of water has been diverted : - 

Additional I’owor 

Power Develofietl tleveiopinent In 
at eriil of I9<»6 < of construction 
» U.SA. H.P. H.P. 

Hydraulic Power and Manu¬ 
facturing Ch. 34,000 100,000 

Niagara Power Co. ... 110,000 

Canada. 

Canadian Niagara Power Co. 60,000 60,000 

Ontario Power Co.* 42,000 140,000 

*ElAfrical Development Co. 

- of Onjpirio . lO 000 100,000 

* 397,600 



Total 248,500 
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Hydraulic Power and Manufacturing Co. 

The oldest power project at Niagara Falls was that' of 
the Hydraulic Power and Manufacturing Co., whfth 
was incorporated as early as 1853, and steps were then 
taken for the construction of a canal 70 feet wide by 
to feet deep, which was finally accomplished after many 
delays and which has lately been enlarged to a width 
of too feet and a depth of 14 feet. In 1881, power was 
first supplied for commercial purpo.ses, in 1885, 10,000 
H.P. was in use, and in 1896 the erection of a second 
power house was undertaken. The latter is situated in 
the gorge below the Falks, an available head of 210 feet 
being thus obtained. 1 he plant has on several occasions 
been enlarged, and at the present time there are in 
operation in this power house 15 turbines, giving a 
combined output of 34,000 H.P, The electrical 
development of this company has been made to suit the 
different industries which have located them.selves close 
to ttie power house, continuous and alternating current 
being generated at voltages suitable for the requirements 
of the consumers. 

I he Niagara Falls Hydraulic Power and Manufactur¬ 
ing Co. has now erected an additional power house with 
a capacity of 100,000 H.P., the water being taken from 
the same canal. 

There are separate penstocks to supply water to every 
8,000 H.P. turbine. These turbines are of the horizontal 
.shaft type, and will run at 300 revolutions per minute, 
the alternators directly coupled to the turbines giving 
3 phase current at 11 ,o<X) volts 23 cycles. 

Niagara Falls Power Co. 

In t8i)o, plans for Niagara power development began 
to meet with more general consideration, and the 
question of the construction of a large central ‘skatibn 
was discussed in detail. The project involved- the 
establishment and development of an industrial .centre. 
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and foncerned itself with the erection of a large power 
house and the distribution of power to distant towns. 

The leading American engineers and capitalists 
interested themselves in this proposition, though little 
experience was at hand on which plans could be based. 
“ The Cataract Construction Company ’’ was formed in 
1889, and the President, Mr. I), .\dams, in 1890, 
established at London an International Niagara Com¬ 
mission with power to award large prizes. 

Inquiries and examinations concerning the best known 
exi.sting hydraulic developments were undortaken, and 
plans concerning turbines and other machinery incident 
to the use of water power and its transmission, were 
submitted to the Commission. T he Commi.ssion con¬ 
sisted of Lord Kelvin, Dr. Coleman .Sellers, Colonel 
Turrettine, Prof. K. Mascart, and Prof. W. C. f’nwin; 
Prof. George I'orhes, of f.ondon, served as the 
company’s chief electrical engineer. Rights to develop 
21x1,0(X) ILP. on the .\meiican side were obtained, and 
the con,struction of a tunnel was commenced. The 
erection of the power house was begun in 1891, a 
short canal being made for this purpos< at a point about 
one mile abovi' the Palls. T wo pcjwer housi's are now 
situated on opposite sides of the canal, and the water, 
after pa.s.sing through iron gratings to removi’ any debris 
or ire, is led through penst<x’ks and thenc<' vertically 
dowmwards, a distanri; of i;8 feel, to the turbines. The 
turbines arc installed near the bottom of two wheel slots, 
excavated out of solid rock, under the respective power 
douses. 

.'\fter giving up’its energy to the lurbine.s, the water is 
discharged into a tunnel about 21 feet in diameter, .and 
7,000 feet in length, which carries the water under the 
city to the lower river. Racb turbine is connected by a 
verfical‘shaft to an electric generator in.stalled above on 
the gvound ^evel. The two power houses together 
,^ntain,2l vertical shaft turbines, each tu'binc being 
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directly connected to a 2 phase alternator giving 
22,000 volts at 25 cycles, operating at a hpeed 
of 250 revolutions per minute, and generlting 
5,000 H.P., making a total capacity for the two plants 
of 105,000 E.H.P. 

The flow of water on to the turbines is controlled by 
a special form of governor, which is of the pendulum 
type, and works in conjunction with a relay cylinder. 
By tliis means a speed constant to within i per cent., 
is automatically maintained, w’hen variations in load 
occur. 

There are three separate systems of transmission from 
the powerstation. Firstly, there is the local transmission 
of 2 phase current at 2,200 volts as generated, and 
conveyed entirely by underground cables; secondly, for 
intermediate distances the current is stepped up to 
ii,0(K) volts, 3 phase, and transmitted, first by under¬ 
ground cables, and then by overhead conductors to a 
transformer station about two miles from the power 
house, where it is re-converted to 2,200 volts, 2 phase. 
Long distance transmission, such as to Buffalo, about 
18 miles distant, Tonawanda and Lt)ckport, 35 miles 
distant, is effected by 3 plmse current at 22,000 volts 
along bare overhead conductors. 

There are three complete circuits to Buffalo, two of 
copper and one of aluminium, and the loss amounts to 
about to per cent, when 30,000 H.P. is transmitted. 
One of the circuits is alwavs in reserve. „ 

After the completion of the second American power 
house in ipo2, a further intallation was commenced on 
the Canadian side by the same company, operating 
under the title of the Canadian Niagara Power Co. 
This plant is situated a short distance above the Horse 
Shoe Falls, and is in most respects similaw in eqvipment 
to the older power houses, but the units are here io,^;jg 
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H.P. machines, and have a total developed capacity of 
50,006 H.P. with an additional 60,000 H.P. in course 
of iifctallation. 

The two plants of the Niagara Power Co. are inter¬ 
connected by heavy copper cables, .so that when 
nece.ssarv, the two stations can run in parallel for the 
supply either on the .American or on the Canadian side. 

Largely owing to the financial sncce.ss of these enter¬ 
prises, within the last few years several independent 
companies have come into the field and have installed 
large hydraulic power stations on the Canadian side of 
the Falis. 

The Electrical Development Co. of Ontario. 

This company was organised at Toronto by a 
syndicate with Colonel I’ellatt as President, for the 
purpose of transmitting power to that city and other 
places in Ontario. In ojo.; rights were obtained for the 
purpose of generating electricity to the extent of 
12$,(too H.P., and a .site was chosen and secured for the 
location of the power plant. The company also 
purchased a right of wav 78 miles in length between 
Niagara Falls and Toronto, and 5.’,o acres of land about 
two miles from the Falls and fronting on the Chippewa 
River, which communicates with the Welland Canal, 
and here it is expected that industrial plants will be 
established. Fhe power house has been erected at 
Tempest Point, about half a mile above the Falls. The 
river has here a rapid drop, and a coffer dam was, with 
great diffh ulty, constructed to divert the water toward 
the power house, and thus raise the level of the water 
within the dam about 18 feet. The power house is 
500 feet Jong and of handsome architectural design; it 
will ulfmately contain it generators,each of 10,000H.P. 

order to get rid of the tail water a tunnehwas made 
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under the upper rapids, terminating in the face of the 
Horseshoe Fall, about midway between the Can&dian 
and American banks. This power station was opined 
on November 19th, 1906, when the first unit was brought 
into operation and 10,000 horse power generated and 
transmitted to Toronto. 


Ontario Power Company. 

The third power plant on the Canadian .side is that of 
the Ontario Power Co., which is at present generating 
42,000 H.P. This power hou.se is .situated in the gorge, 
near the ba.se of the Falls, and the water is taken in at 
a point above the upper rapids, where a large deep 
forebay, with smooth water surface, and a series of ice 
.screens have been eonstructed. rh<‘ water is led from 
the forebay to the penstocks, a distance of about 
li miles, by three steel pipes, each of 18 feet diameter 
and ari effective head of 175 feet of water on the turbines 
is secured. The turbines are arranged horizontally, and 
are coupled directly to the electric generators. A 
difficulty which confronted the Ontario Power Co. was 
the prevention of water hammer in the 4,000 foot length 
of pipes, through which water flows at 15ft. per second. 
The trouble was overcome in a novel manner by con- 
.structing an enlargement in the end of the pipe close 
to the turbines opening into a weir, in which the water 
rises and passes away down a by-wash. In this way a 
free pas.sage is given to the water when turned off at the 
wheel. • 

.At present four generators are installed, &ch being 
driven by two turbines of the manufacture of Voit, of 
Heidenheim. The generators are each 10,000 H.P.. and 
supply current at ta.ooo volts, 3 phase, 25 cytjijs.. 

The general plan provides for 18 of ttese gcRerators 
when conrpleted. 
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Th? transforming and distributing station is erected 
in a |andsome stone building 500 feet away and 280 feet 
higher up on the cliff. Communication between the 
two is established by an underground pa-ssage and 
elevator. The generators are all controlled from this 
station and the current is here stepped up to 60,000 volts 
for long distance transmission to Toronto. The manage¬ 
ment is thus concentrated in a single •operating room. 
Hourly reports are .sent from the engineer in charge of 
the power hou.se liy the telautograph. 

The Ontario Power Co. is under contract to supply 
power to neighbouring municipalities for distribution 
for lighting and power at a price of $10.45 {£2. 2s.) per 
H.P. year, though for indu.strial purpo.ses a higher 
rate ($18 $20) is charged. This companv is now 
transmitting, by aluminium cable, 25,0(K) H.P. to 
Syracuse, where it is used in the electrification of the 
New York Central hranch lines. 

It is contemplated to develop 250,otx) H.P. ultimatelv 
at this station, most of which will he available for use 
in the States. 

There have at different times been various projects 
suggested for the tran.smis.sion of the .Niagara power to 
still greater distances, such as to ('hicago and ,\ew 
York, but the demand for |3ower in the immediate 
neighbourhood of Niagara Falls has increased more 
rapidly than the productive capacity. The result has 
been that the power produced has been ah.sorbed ItKally, 
or within 5 bch moderate distances as Buffalo (18 miles), 
Toronto {80 miles) and .Syraru.se fi 6 o mile.s). At 
present Buffalo takes about 2.^,ooo H.P., and relies on 
this spujCf for its street lighting and driving of trams. 
Toront^now t^es about 10,000 H.P. 

.x^e chief industries at Niagara Falls whic'b receive 
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power from the various power stations are enumerated 


below:— 

Aluminium Co. of America . 35,ooo H.P. 

Carborundum Co. Siooo ,, 

Union Carbide Co. !5,ooo „ 

Castner Electrolytic .Alkali Co. ... 7,000 ,, 
Oldbury Electro-chemical Co. ... 1,500 ,, 

.Achcson Graphite Co. 2,000 ,, 

Norton Emery Wheel Co. 

Upwards of 650 „ 
Niagara Electro-chemical Co. ... 2,000 „ 


Niagara Falls is especially favoured by transportation 
servicc.s, being at the junclion of Lakes Erie and 
Ontario, and at the convergence of several railways. 
I 5 y means of a canal to the Hud.son there is also a 
waterway connection to New York. 

Niagara Falls is a city of about 30,(XK) inhabitants, 
and although a groat industrial centre, is quite free from 
smoke and other objectionable features of chemical 
works. Most of the factories, and especially the power 
houses, have considerable architectural pretence. The 
betiuty of the Falls has apparently not been detracted 
from, and the town .still holds its position as one of 
.America’s leading holiday resorts. 

RbkkuencM— Knijineennij^ Feb. 16th, 1906, vol. Ixxxi, p. 218. 

I'rof. Merh. Hngine^rii, 1906. 


iNtn STRtES AT Nl.Vt.ARA FaU.S. 

.A short description of some of the more' important 
electro-chemical works at Niagara Falls follows. 

(i) The Electrical Manufacture of Abrasives. Carborun¬ 
dum and. Alundum. 't 

Introduction. Since information on .sttme of Ahe uses 
of abrasives is not easy to obtain, the following remSksks 
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on thip properties of these substances may not be without 
inteipst. 

A comparison of the relative values of different 
abrasive materials is very difficult, and has apparently 
never been settled in any definite manner. So-called 
“ hardness scales " are in very common use, in which 
the diamond is fixed at 10, and other materials f;iven 
co-efficients according to the supposed relative hardness. 
The usual method of measuring the hardne.ss of a 
substance is to find what well-known hard bodies, such 
as ruby, glas.s, etc., will be scratched by it. .Another 
method is to place the material in a powdered and graded 
condition on a rotating di.sc and employ it for the 
grinding of a diamond, or of a piece of .steel, measure¬ 
ment being made of the rate of abrasion. Results 
obtained in this way, however, are apt to mislead. 
In certain c.ases the cutting power of a suh.stance depends 
on its brittleness as well as on its hardness, as, through 
fracture of brittle cry.staK. a sharp edge is continually 
being presented. This quality applies to abrasives u.scd 
in the form of wheels or as powder. In other ca.ses, 
however, such as in rock boring and drilling operations 
and for wire drawing, it is es.sential that the abrasive 
should combine great toughness with hardne.ss. 
For this latter class of operations, the material which 
stands out pre-eminent, and which h.as never yet been 
superseded, is the diamond. 

For the purpo.se of rock boring the most suitable form 
oj diamond is the modification known <as “ carbon,” a 
variety of carbonado, a substance which is dark-grey or 
‘fflSck in tolour, has no apparent crystalline form, and 
is much tougher than the crystal or gem stone. 
" Carbon ” is found only in a .small section of Mexico, 
and firife its application to rock boring it has advanced 
very greatly in price, as may be seen from the following 
table:-* 

^$chniM hilenturf^ 1907, vol. i, p. 245, 
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In 1870 price per carat 
,> 1889 „ „ 

„ i8(W » 

1907 „ 


£ s. d.. 

I 0 04 
2120 
700 
17 0 0 


In diamond drill work, the “carbon ” is set in circular 
pieces of soft steel or iron tubing about 4 inches in 
diameter, which arc usually known as “ bits.” 

'I'hese “ bits ” are attached to a vertical shaft, rapidly 
rotated, and pressed against the rock. A current of 
water flows down the tube at the same time. The hardest 
rock is quickly bored in this manner to a great depth, 
often amounting to several thousand feet. A set of 
carbons for erich drill head or bit usually consists of 
eight stones, which, taking an average of carats, 
would, at the present price, amount in value to some 
/'500 for the one “ bit.” 

For the construction of diamond saws, as used for 
cutting building stones, a cheaper substitute known as 
" bort ” is used. Bort is an imperfect crystal or gem 
diamond, and by very careful .setting, is u.sed with great 
success in stone cutting. 

•Ml endeavours to reproduce diamond on an industrial 
scale have .so far proved fruitless, though 11 . Moissan, 
in i 8 () 2 , demonstrated its formation and prepared small 
specimens in the electric furnace, and recently ^-ir 
W. Crookes has produced it by exploding cordite in a 
steel bomb, thus liberating carbon at an extremely high 
temperature and pressure. 

.\ series of bodies have, however, been Obtained 01 
an allied nature to diamond, and which possess great 
hardness. These are compounds of carbon with similar 
elements, and can readily'be obtained in the crystalline 
form by electric furnace processes. These substances, 
which are now manufactured quite cheaply, ha'te very 
largely replaced the older abrasives, such as emery, 
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The two. foremost, which have received a large 
industrial application, are “carborundum” or silicon 
carbide and “ alundum,” or fused alumina. 

The former of these was discovered by E. G. Acheson 
in 1890, when experimenting on the formation of 
diamond, and was very quickly applied as a substitute 
for emery. The manufacture was started at Mononga- 
hela, Pa., and is now worked at Niagara Falls. The 
production at these works in i8i)i and 181)2 combined 
was half a ton; 595 tons in 1806, 2,,i8o tons in 1903, and 
is now (in 1907) about q.txx) tons. 

Carborundum is manufactured in large furnaces about 
16 feet long, 5 feet wide and 8 feet high, which are built 
up with brickwork and then filled in with the following 
charge:— 


Sand . 

. 52'2 

Coke . 

. .C 5'4 

Sawdust . 

. I o f) 

.Salt . 

. r8 


1000 


A carbon core is placed in the centre to (onduct the 
current across initially. The current is led in at the 
ends of the furnace through a number of carbon rods 
which arc mounted in a terminal bliK'k, the copper leads 
being bolted to these blocks, which, in the later types 
pf construction are water-jacketed. 

In the main furn.ice room there are six furnaces in 
3 Iherenr stages of operation. The furnaces consume 
1,000 H.P., and one in each series is run at a time. Some 
additional 2,000 H.P. furnaces are now in operation. 
On.cqpimencing to heat, an R.M.F. of 160 volts is 
necessary. means of a regulating transformer, whilst 
k^pihg the power consumption constant, [he E.M.F. 
i% gradually Jowered to 70—80 towards the end of the 



NIAGARA. FALLS 


i8 

operation as the furnace charge becomes more conduct 
ing. The heating of the mdteriaJ is continued for afcoui 
forty-eight hours to cause the formation of carborundum; 
the furnaces are left to cool for the same period and then 
dismantled and the crystalline masses of carborundum 
removed and broken up. This crushing provides a 
large amount of powdered material. 

.Since the amount of powdered material thus obtained 
is in excess of the demands of the abrasive industry, 
attempts have been made to find other applications. At 
first, considerable use was made of carborundum as a 
deoxidizing agent in the .steel industry, taking the place 
of ferro-silicon produced in the blasf furnaces, but 
recently, however, ferro-silicon, prepared by the electric 
furnace, has replaced carborundum for this purpose. 

Another application is .as “ fire .sand ” for the lining 
of fuel heated industrial furnaces, and ia this line the 
material has proved most useful. 

Carborundum bricks and other refractory articles have 
also been manufactured on a relatively small scale, and 
further developments m;iy be looked for in this direction. 

At the .Niagaia balls work.s, the carborundum is 
largely made up into abrasive wheels, being, for this 
purpose, crushed, washed with acid to remove iron, and 
graded. 'rhi‘ particles art’ then cemented together by 
some suitable binder, usually by binding with shellac 
or by mixing with clay which is then baked, after 
moulding into the desired shape. The wheels, when set, 
require trimming, for which purpo.se they are fitted wil^ 
an axle and rotated against a cutting tool, which consists 
of three or four discs, the rotation of which is'hindered 
by providing projecting ridges along the sides. The 
cost of power expended in the manufacture of carborun¬ 
dum has been calculated by Prof. J. W. Ricfytrds to 
amount to about 'fizd. per pound of cry,stals obtained. 
The cost of materials and labour rai.se the cost to fjd. 
per pound, and the final cost, after crushing, WashirKr. 
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and grading, may be 2d. to 2|d., whereas the material 
commands an average price of 4jd. per pound. 

The current is supplied by the Niagara Power Co. at 
a voltage of 22,000, and is stepped down as required by 
the furnaces. 

Alundum. Until the advent of carborundum, the 
abrasive available which was nearest to diamond in 
hardness was corundum. Corundum is an oxide of 
aluminium which (X'curs in nature in a pure slate, and is 
mined extensively. It has generally a crystalline fracture, 
and is probably harder than alundum, though more brittle. 

The artificial preparation of corundum was first 
accomplished by C. 13 . Jacobs, and the patents were 
bought by the Norton Kmery C o., of Worcester, .Mass., 
who applied its manufacture on a large scale, erecting 
works for this purpose at Ni.agara Falls, and putting the 
substance on the market under the name of alundum.* 
The prcKess consists in fusing natural bauxite (alumina) 
in the electric furnace and allowing it to cool slowly, 
when it acquires the hardness of corundum and the 
toughness of emery, and is suitable fo,- wheels, stones, 
paper and all the various uses of an .abrasive. 

The Norton Company at .Niagara Falls, now manu¬ 
facture to tons of alundum daily, the plant having 
recently been enlarged, and further extensions are being 
contemplated. 

Each furnace yields a mass of the material of about 
7,000 lbs. weight, which is broken up and then ground 
iH a machine. This is then made up into wheels, after 
ii^some case,s, first mixed with natural corundum, 
and is applied for a great variety of purposes. The 
wheels are said to be cheaper than those of carborundum 
for a given size, and are heavier. Alundum has found 
a su&ejsful application in the manufacture of dentists’ 

drills .fhich at% formed by embedding the alundum in a 

• 

iA, C. Uiggim^ U.S. Patent, So. 775,664, 1904. 
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layer of copper deposited eleitrolytically arouqd (he 
grains. It is also used for grinding glass for optical 
purposes, and some tests are said to have also been 
successfully carried out on its use in rock boring. 

With regard to the comparative merits of carborundum 
and alundum, the former is said to show marked 
superiority when used on cast-iron, brass, and marble, 
and for roughing out unevennesses in coarse work. 
This is on account of the ease with which the crystals 
force their way into the work, and the great length of 
time they will last before dulling. Hence the efficiency 
of carborundum is mainly due to its penetration, and’ 
is best adapted for comparatively sflft materials, in 
which its (juality of sharpness is of more value than 
its hardness. 

For the abrasion of materials such as hardened steel, 
however, and for finishing cuts and polishing purposes, 
alundum is better adapted, as though not so hard and 
sharp, yet it is less brittle, and enables the use of a 
greater pressure. 


Artificial Gralihite.* .Artificial graphite has been 
known since the work of Desprctz in 1840, and was first 
produced commercially by the Girard and Street process 
which consisted in passing amorphous carbon through 
the electric arc.-f See page 103. 

The industrial manufacture of this substance has, 
however, been developed on a much larger scale in 
America by Mr. E. G. Achcson. This industry followed 
from an observation of Mr. .Acheson that in the centre 
of the carborundum furnace, graphite resulted from the 
overhe.ating of carborundum. Further experiments 
showed that all carbides are decomposed by heat, leaving 
behind graphite. It was next discovered tliat the 

* Khftrochtm, Ind.y 1W5, vol. in. 253. !• 

t Hutton Petavel. “ High Temperature Electro-cheniHtrjr." 
tttdingf of fAe ln*titntion of Kltrtncal Engxnetrt, 1903 
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presence of silica will bring about the conversion of 
a Idfge amount of carbon Into graphite at a high 
'temperature. This is caused by the successive formation 
and decomposition of silicon carbide, the action of the 
silicon being a catalytic one. This process was put on 
an industrial basis, and a company organised, known 
as the Acheson Graphite Co., in ifky). The operations 
have resolved themselves into two lines of manufacture— 
(i) the graphitisation of moulded carbons; (2) the 
graphitisation of anthracite coal cn masse. The 
product in both cases is graphite of a high degree of 
purity which, in many forms, has now found at> 
e.xten.sive applitation. .Articles which are moulded for 
graphitisation include electrodes in all sizes, lamp 
carbons, and carbon bars and plates. These are pre¬ 
pared by taking some form of amorphous carbon, such 
as coke, in a line granular condition, mixing with a 
small quantity of tar (probably about j per cent.), and 
then moulding into the required form by squirting the 
carbon, through a die of suitable shape, by means of a 
hydraulic press. The articles are then slacked trans¬ 
versely in a furnace of similar design to that used for 
carborundum, each separate piece being packed around 
with granular coke and covered with carborundum. 
The current terminals are about ,10 feet apart, and 
consist of carbon rods, to the number of nine, 
fitted with bra.ss caps, which, unlike those in the 
carborundum furnaces, are not water-cooled. The 
articles to be graphitised are arranged in the centre of 
the furnace, which is built up by temporarily inserting 
' thin Hieet-iron pla’tcs to act as a partition for the central 
zone This inner space is then filled in with the carbon 
articles and separating layers of granular coke, and the 
outsidf is filled in, and the top covered with “white 
crus: ’t (siloiycon) to serve as insulating material. 
SgialT articles to be graphitised, such as Ijiin carbon 
rttds, ate placed inside larger tubes to protect from 
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fracture. Heat is generated by the passage qf the 
current through the granular coke, which maintains a 
comparatively high resistance throughout. The furnace 
starts with 3,000 amps at 220 volts, the current gradually 
increasing to 9,000 amps, at 80 volts after a twenty 
hours’ run. 

The building contains two rows of five furnaces, and, 
as in the carborundum manufacture, one furnace is run 
at a time, while the others are in various stages of 
dismantling and preparation. 

In the process of manufacturing graphite in bulk, 
anthracite coal is taken as the starting-point, being 
specially adapted on account of the uniformly 
distributed ash which it contains. Purer forms of 
carbon, such as petroleum coke, which only 
contains o',', per cent. a.sh, graphitise much le.ss readily. 
The furnaces for this operation are ,',o feet long and 
of 2 feet square cross section, and are made of bricks 
and lined with carborundum to a thickne-ss of 6 inches. 
The anthracite coal to the amount of about 6 tons is then 
introduced in large lumps, and a core of granular 
carbon, partly graphiti.scd, about 6 inches wide, is laid 
from one end to the other in order to .start the current. 
Prof. J. W. Richards estimates that about 82'5 per cent, 
of the energy is consumed in raising the charge to the 
graphitising temperature and I7'5 per cent, radiated 
during the run, and that the heat evolved in conversion 
of amorphous carbon into graphite amounts to fully 
to per cent, of the heat supplied by the current, whicjj, 
on the other hand, is just about balanced by the heat 
ab.sorbed in volatilising the 5~io per cent, of imfSCfTties 
from the coal. 

The intrivduction of artificial graphite has proved to 
be of the utmost value to electro-chemical imjustries, 
and particularly so in its application to elfctrolytic alkali 
processes |or the construction of electrodes, on account 
of being a good conductor and vi-r.. —•- it chemicaliy. 
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Graphite is very soft and tough, enabling it to be turned 
and ^achined with the greatest ease, and it is thus 
particularly suited for the construction of apparatus used 
in electric furnace work. 

The growth of the manufacture of artificial graphite is 
shown by the following figures:- * 

1897 . 81 tons. 

igoo . 440 „ 

1904 . .. 

iip5 . 2,250 „ 

.\ccording to the I'.S. Geological .Survey, the value 
of .-\chcson graphite made in 1904 was $2i7,7()0. Since 
1904 the plant has been increa.sed from 1,000 to 
2,000 H.P. 

•V soft unctuous form of graphite is prepared which 
has valuable properties as a lubricant as it does not 
coalesce under pressure. This is formed in special 
furnaces which are provided with a starting core of 
graphite rods, the charge consisting of carbon together 
with a.sh or silicon in amounts in excess of that employed 
in the manufacture of ordinary graphite. 

A further variety of graphite has now been prepared 
in a colloidal condition bv treating the above variety 
with a solution of gallotannic acid. This so-called 
“defl(x:culated ” graphite remains permanently suspended 
in water or oil, giving a material which has proved to 
pos,se.s.s valuable properties as a lubricant. (Ktcclro- 
ckem. and Metalt. Ind. (1907), v., p.age 452.) 

• 

Silodcon. At the .Acheson graphite works, furnaces 
are erected for the manufacture of siloxicon. This is a 
refractory material containing silicon, carbon, and 
oxygen, and is prepared by heating in an electric furnace 
a miiMiire of carbon and silica, the latter being in excess 
over jjlfe amouit needed for silicon carbide. 

^leetrothtm. and Mftallur. Ind., 1905, vol. ill. |>. 255 * 
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The furnaces are arranged for the current (o pass 
along carbon rods arranged transversely to the fuVace 
and connected at each side to a group of graphite blocks. 
The current in this manner passes from side to side 
twenty times on its way through the furnace, and the 
contained charge is raised to the necessary degree of 
temperature. 

Siloxicon is a greyish-green powder which can be 
formed into a coherent ma.ss by grinding, moistening 
with water, moulding and baking. It is very refractory, 
not attacked by slags, is insoluble in iron, and is 
indifferent to acids and hot alkaline solutions. 

Elcctrolylic Alkali and Chlorine works, Tomiscnd Cell," 
By far the largest enterprise engaged in this manu¬ 
facture at Niagara I'alls is the Castner-Kellner process, 
which operates on the well known mercury cathode 
principle. .V new system possessing many points of 
interest, has however lately been devised. This is the 
Townsend process which works on the diaphragm 
system. Works have b«'n erected by the Development 
and Funding Co. for its exploitation. Diaphragm cells 
hitherto in use posse.ssed th(“ disadvantage of yielding 
only dilute alkali on account of the difficulties in pre¬ 
venting the caustic soda from diffusing back into the 
anolyte, and thus leading to waste and exerting an 
oxidising action on the anode. This diffusion, more¬ 
over, increased with the concentration of the solution. 

The method of obviating this difficulty by transfornw- 
ing the alkali into carbonate appears to be a hac){w ard 
step from the commercial standpoint, as it transforms 
high priced caustic soda into low priced carbonate. 

The Townsend proce.ss i? de,scribed as “counteracting 
diffusion and recombination of cathions and aniofts by 
automatically subtracting every drop of cathode'I'quor, 

* Eif.rtrofhem. and MttaU. Ind., 1907. vol. v, p. 209. 
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as soon as it appears, and surrounding it with a 
chemiwlly inactive and physically immiscible liquid.” 
KerosSne is the liquid used in practice. . 

This process, which was designed by Mr. C. P. 
Townsend in collaboration with Mr. Elmer .‘\. Sperry, 
is carried out in a cell of similar construction to that of 
Hargreaves and Bird. The cells measure 
The anode space is enclosed between two vertical 
diaphragms and contains saturated brine. Graphite 
anodes are fitted through the lid. The diphragms are 
in close contact with perforated iron cathode plates, and 
a little distance from this are the iron sides of the 
cathode compartment which contains kerosene oil. 

The higher specific grttvity of the brine solution and 
the fact that this is kept at a higher level than the kero- 
sine, creates a hydrostatic pressure, and causes the brine 
to press through the diaphragm and flow into the 
kerosene. Under the action of the current this perco¬ 
lating liquid becomes changed into alkali, the concen¬ 
tration of which will depend on the current density. 
Each drop of liquid as it passes through the diaphragm 
acquires a globular shape when coming into contact 
with the kerosene oil, due to surface tension ; the caustic 
alkali thus becomes separated and sinks to the bottom of 
the oil and accumulates in a pocket. 

A trapped tube drains this liquid from underneath the 
kerosene. In this manner the rich cathode liquor flows 
out continuou.sly on both sides of the cell, and is led by 
pipe lines into the general storage tank, from which it 
passes to the evaporating pans, where the remaining 
salt is separated by'concentration. 

The cost due to the loss of kerosene is .said not to 
exceed $2 a day, in the plant ip question. 

The'spent anode liquor consisting of weak .salt .solu¬ 
tion is«regenerafed by treating with a further quantity 
of sfclt. An E.M.F. of 5 volts is used, and ah ampere 
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efficiency of 95—97% and an energy efficiency of 60% 
obtained. jL 

The Townsend cell has been in continuous operation 
at Niagara Falls since the beginning of 1906, and since 
that time has been producing daily about 5 tons of caustic 
soda, and 11 tons of bleaching powder. 

Production of Aluminium at Niagara Falls. 

The Aluminium Company of America. 

In 1885, the Cowles brothers of Cleveland', Ohio, 
invented a process for obtaining alloys of aluminium by 
direct reduction of alumina with carbon in presence of 
metals such as iron and copper. The Cowles Electric 
.Smelting and Aluminium Company was formed to work 
this process and a plant was erected at I.cx'kport, N.Y., 
where a water power of 1,200 H.P. was secured. 
Following the success of this American plant, the 
Cowles Syndicate Company was formed in England 
and a works erected at .Milton, Staffordshire, which had 
a capacity of about ,5<K) lbs. of aluminium alloy daily. 
The important prix'esses which have now caused 
aluminium to rank with the ordinary commercial metals, 
and which have superseded the older methods arc those 
designed and patented by Hall in the States, and 
independently by lleroult in France, between the years 
1886 and 18,Sy. The principle of both of these methods 
consists in the electrolytic decomposition of alumina 
dissolved in a bath of fused cryolite, the current reduc¬ 
ing the alumina and not affecting the solvent. * 

In .America, this process was operr.ted by the Pittsburg 
Reduction Company from i88r) to igyi, at Pittsburg, Pa. 
During 1889, the company produced about 75 lbs. of 
aluminium a day which 'they sold at $4.50 per pound. 

In 1890, their capacity was increased to 400 Ib^ and the 
selling price reduced to $2 per pound. “ “ 

The Aluminium Company of America, which il the . 
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title under which the Pittsburg Reduction Company is 
nowjknown, holds, at the present time, practically a 
mono^ly of the manufacture of aluminium in the 
United States and Canada. Works are in operation at 
Niagara Falls, Massena, N.Y., and Shawinigan Falls, 
whilst auxiliary factories of the company undertake the 
purification of the alumina, the production of the carbon 
electrodes required in the process, and the rolling and 
working of the metal into finished products ready for the 
market. 

Of the two large plants at Niagara Falls, one is situ¬ 
ated half a mile above the Power Hou.se of the Niagara 
Power Co. and was the fir.st to utilise this power; 4,000 
H.P. is taken from here, the alternating current is 
received at 2,250 volts and converted, by means of tran.s- 
formers and rotary converters, to direct current at 160 
volts. The lower works is situated on the edge of the 
gorge below the falls, and, up to iqo6, took 6,500 H.P. 
from the Hydraulic Power and Manuf.acturing Co. An 
additional 27,000 H.P. has now been laid down at the 
lower works. 

The current is conducted by aluminium bars through 
a line of cells, each cell taking about 5 volts and absorb- 
tttg 65 horse power. .About one half of the energy is 
expended in the chemical work of decomposing the 
alumina and the remainder is converted into heat which 
serves to krep the bath at the proper temperature, about 
850° to qoo" C. The bath consists of cryolite to which 
is added aluminium fluoride and in which alumina is 
dissolved. . 

The aluminium pjjuccss is typical of the simplifica¬ 
tion which is l^rought about in metallurgical 
operati^s by ele^ro-chemical methods. The heat 
losses in the molten cryolite bath are minimised by 
putting a layer of pulverised carbon on lo[j of the 
bath; the-alumina which is subsequently to be u.sed 

i> 
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in the cell is supported on this supernatant layer and is 
dried by the waste heat. jb 

During operation the bath becomes impoverished in 
alumina, the extent of which is indicated by placing a 
20 volt lamp in shunt between anode and cathode. The 
deficiency in alumina causes an increase in resistance, 
and the resulting increased voltage across the terminals 
of the vat lights up the lamp. This is a sign to the 
workman to add fresh alumina, which is effected by 
simply stirring the surface of the bath when the alumina 
sinks through the supporting carbon layer and is rapidly 
taken up by the molten cryolite. The whole process is 
thus quite continuous and requires relatively little 
attention. 

On both commercial and technical grounds the pro¬ 
duction of pure alumina forms a very important part of 
this process of manufacturing aluminium, and, at the 
present time, the method of Bayer, in some more or less 
modified form is almost exclusively used, both in Europe 
and .Xmerica. 

;\ process of purifyjpg alumina has rwently been 
invented by Hall, and consists in mixing the bauxite 
with sufficient carbon to reduce the impurities, and then 
smelting the mixture in an eU'ctric furnace. Impurities 
such as oxides of iron, silicon and titanium are reduced 
to a metallic alloy which collects on the bottom, and 
leaves the alumina in a pure state. This method, how¬ 
ever, is said to have the great drawback of leaving the 
alumina in a form which will not dissolve in the cryolite 
bath, on account of the high temperature of the treat¬ 
ment. ( 

The lower Niagara plant of the vMuminium Company 
of America is situated* immediatdy above the power 
house of the Hydraulic Power and 'Manufacttir'ing to. 
The continuous current required is generated in the 
power fiouse by dynamos of 750 horse power '^ach, 
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coupled direct to turbines with horizontal shafts. Each 
dynamo gives a direct current of 2,000 amps, at a 
potential of 280 volts. Nine such machines furnish the 
6,500 horse power necc,ssary to run three lines of cells. 

This lower plant has now undergone a large extension, 
an additional 27,000 H.P. being used as mentioned 
above. 

The company owns large deposits of bauxite or native 
alumina in Georgia and Alabama. 

Aluminium has attained the greatest importance in 
the electrical indu.stry, being used as a substitute for 
copper conductors for transmission lines. The three 
large.st electrical power transmission lines in thi> United 
States are of aluminium. One in California is 144 miles 
long. One from Niagara Falls to Cleveland 200 miles, 
and to Syracuse 160 miles. This la.st lead is in three 
cables of ly strands each, and a voltage of ho.otx) is 
used. The aluminium line from Niagara to Iluffah) 
was .said to cost 12 per cent, less than the copper one. 

The steel industry has become an important consumer 
of aluminum, .small quantities of this metal, viz.,28 
ounces per ton of steel are usually .added during the 
furnace treatment. 

Aluminium has found a large application in the 
manufacture of “ thermit ” which is now u.sed exten¬ 
sively in welding. 

During iqo6, the profits earned by the .Aluminum 
tompany of .America, amounted to £joH,ckx) as com¬ 
pared with £^"0,000 for the previous year.* This 
corresponds to a Iross profit of 7'8d. per lb. of 
aluminium for 1905Ipnd ii'4d. per lb. for H)o 6 . The 
consumption of aLiminium in the .States in 1905 
amountgd'Co 5,670 t/>ns, of the ^alue of ^649,000, and in 
1906 to 7,450 toj.s". 

• BUrtririoii, Marrh 27th, 1908, p. 907. 
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The world’s producdon of aluminium in 1907 was as 
follows:— • 


Metric tons. 

Value. 

United .States and Canada 

8,000 

/88o,ooo 

Germany, .Austria, and 
Switzerland . 

0.500 

.^385.000 

France . 

6,000 

;£66o,ooo 

United Kingdom . 

1,800 

;£i 98 ,ooo 

Italy . 

300 

'£33iOOo 


Total. 10,600 ;£2,156,000 


Refbkkncks.— Eledrochem. Ind., vol. i, p. 49. Journal d'Electi'<dyse, 
May 1st, im, p. 1 . 

The Vnion Carbide Company. 

Calcium carbide was lirsi made industrially by 
Willson at the Willson Aluminium Works at Spray, 
N.C., in iSoi. 

Since then its manufacture has become one of the 
largest of the electro-chemical industries. 

The Union Carbide Company controls almost all the 
production of carbide in America. The works are 
situated about one and a half miles from the power 
house above the falls, and are supplied through a 
conduit with some 15,000 H.P. of alternating current at 
2,250 volts which is subsequently transformed to suit 
the requirements of the manufacture. 

The furnaces employed are of the Horry type and 
consist of iron drum shaped casing, with a recessed rim 
on top of which are bolted segmmtal wings 24 inches 
deep. In the space thus created, the two carbons dip on 
top of the wheel and mell the chargAi^^f lime carbon 
there fed to them. The whole furi\ace rofates very 
slowly, ^bout once in 24 hours; the fluid carbide i^thus 
removed from the hot zone, solidifies, and by removing 
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(he bolted plates, is taken from the other end of furnace 
compBratively cold. 

Each furnace is 8 feet in diameter and 3 feet wide and 
takes 3,500 amps, at no volts, or 500 horse power. 

The carbons are 6 inches in diameter and are kept 
about 9 inches apart. 

The Union Carbide Company also possesses a works 
at Sault Ste Marie (p. 49). 

A new factory, where 10,000 H.P. wjll be utili.scd is 
being erected at Duluth. 

The output of calcium carbide in the different 
countries is estimated as follows : - 



1905. 

1906. 

1907. 


Tons. 

Tons. 

Tons. 

United States... 



25^000 

Italy . 


■28,357 


Germany . 

' 6,547 

22,340 

24,916 

France . 


24,000 


Great Britain... 

- 

les.s than 

3,000. 






CHAPTER III. 


THE COPPER REFINERIES OF NEW JERSEY. 

It is in copper,refining that electro-chemical methods 
have attained the greatest industrial importance. This 
prtH-ess has undergone the most important development 
in the United State's as is indicated by the fact that more 
than 85% of the world’s output of electrolytically refined 
copper is produced in that country. There are about 
8 refineries in the States with a total output of about 
350, (XX) tons per year. 

Tbe leading ones, with their maximum output, are 
tabulated below 

Tons 

Per day. Pyyear. 

Amer. .Smelting and Refining 


Co. at Maurer. 160 60,000 

Raritan Copper Works. 360 i2i),6(X) 

De Lamar ,, ,, . 160 6o,o(X) 

lialbarh ,, ,, . 50 18,000 

Nichols Refinery, Rnxiklyn... 250 ()i,200 


Total. 358,8ootons 


The first commercial refinery in America was built 
early in the eighties by Messrs, lljilbach and Sons at 
Newark in New Jer.sey. This district is now the seat of 
practically all the copper refining t,i .America. 

Very important plants were formcjly in opijgtion at 
Anaconda, and at Great Falls in -Mdi.t^ana. TJiese are 
now .said to be closed down however, on account'of the 
high price of labour and materials in that district, it 
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being found more economical to transport the crude 
metal and refine in New Jersey. 

The great value of the electrolytic refining of copper 
lies in the complete recovery of the gold and silver, and 
the production of a very pure form of copper, which is 
specially suitable for electrical purposes on account of 
its high conductivity. 

The short description of the Matirer works which 
follows is given as a typical example of the American 
copper refineries. • 

This plant was erfrted in t8(;6 at Maurer, near Perth 
Amboy, by the Guggenheim firm and now forms one of 
the plants of the .\merican .Smelting and Kefining 
Company, which also possesses refineries at Omaha 
(Nebraska) and in .South Chicagr). The works is espe¬ 
cially favoured by transport facilities by land and water. 

1 he crude metal or blister copper is imported chiefly 
from Mexico, in Ixiats owned by the company, and also 
from their own sm<*lting works in Colorado and Ctah. 

I he .smelting of lead and copp<'r ores is also carried 
out at tffls refinery to a small extent, the lead obtained 
being u.sed in the slime’s treatment for ctipellation. The 
daily otjtput of refined copper in October, t()of), 
amounted to abotit lootons, with a recoverv of too.rxxjox. 
of silver and 70 oz. of gold. 

The ('rude metal contains about </»% copper, and is 
very rich in gold and silver. 'I his is m(*lted down in a 
reverberatory furnace thereby being partially refined, and 
is then cast into anodes in a form suitable for suspending 
in the electrolytic tanks. The casting is done by means 
of a Walker mach.'ne in which the anode moulds are 
fixed in a circle around a rotating wheel near the 
furnace. A long spout projects conveving the metal 
and thj^oulds are brought under this and fU'ed in turn 
by rotjgmg thc^awheel. On reaching the opposite end 
of the \.h(>el the ca.st metal is sprayed with water and 
removed.. • 
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The cathode starting sheets are formed by electro¬ 
deposition, copper for this purpose being dep«sited 
on a plate with oxidised surface, and then stripped off. 

The vats, to the number of 800, are arranged on a 
sloping floor to permit of circulation of the electrolyte, 
which is pumped from the lower cells into a raised tank, 
where it is heated with steam, and allowed to flow into 
the top va^. 

Each tank, which is 10 feet long, ,■? feet deep and 2 feet 
6 inches wide, contains 22 antxles and 23 cathodes. The 
anodes arc 3 feet high, 2 feet wide, i'25 inches thick and 
275 lbs. in weight. The composition of the electrolyte 
is t6% copper sulphate and 6% sulphuric acid. A 
current density of about to amps, per sq. foot is used and 
a period of 24 days needed to transfer the copper from 
the anode to the cathode plate. The E.M.E. necessary 
for each cell averages between ’2 and '4 volt. 

The amount of current employed in the electrolysis is 
3,000 amps, at 120 volts. The electrolyte is regenerated 
from time to time, on account of the accumulation of an 
excess of copper through the formation of cuprous 
sulphate. The excess of copper is removed by electro¬ 
lysis in auxiliary vats with lead electrodes. 

Eventually the electrolytr' becomes tcx) contaminated 
with impurities for further use, when the copper sulphate 
is separated by crystallisation and finally by the addition 
of scrap iron, and the residue thrown away. 

The anode slime, which contains all the gold and 
silver and most of the other impurities of the copper, 
accumulates at the bottom of the tanks, whence it is 
carefully removed and dried; the average composition 
of the slime is 15 30% metallic copper, 45 50% silver and 
5-1% gold. 

The cathodes consist of pure copper whiclNfinds a 
ready application for electrical purposti.s on account of 
its high conductivity. The silver slimes are mixed'^ith 
a certain amount of lead and cupelled in a furnace, thus 
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causing volatilisation of arsenic and other impurities, 
and yielding dor^ bars. These are subsequently parted 
elecfrolytically by the Moebius process. This process, 
in very brief outline, is as follows: — 

An electrolyte of nitric acid, copper nitrate, and silver 
nitrate is placed in vats about 2 feet 6 inches deep. The 
anodes of dor^ metal are about 5 inches wide by t2 
inches deep, a number of these arc placed side by side 
in canvas walled cells, into which the gold drops as the 
electrolysis proceeds. The cathodes, which consist of 
thin silver sheets, arc laid about ,5 inches from the walls 
of the canvas bags. .'\gitation of the electrolyte is 
effected by means of wooden sticks, which are connected 
to a spindle at their upper ends, and suspended in the 
electrolyte on either side of the cathodes. A swinging 
motion, backwards and forwards, is imparted to ihe.se. 
Growths of spongy silver are thus removed and caused 
to fall into a wooden frame placed underneath in the 
vats. At the end of the electrolysis, the electrodes and 
frame are raised together out of the bath and the 
depositeefsilver, in a snow like form, is brushed from the 
cathodes and shovelled away, to he afterwards melted 
down. The gold, in the form of a black powder, all 
remains behind in the canvas .sacks and receives a final 
chemical treatment and is then melted into bars. 

The proces.ses at the above refineries all work 
on the multiple system, the anodes and cathodes 
being placed alternately and the current passing from 
all the anodes in parallel to all the c.athodes joined in the 
same way. 

In the series arrangement, which is in use at an impor¬ 
tant refinery at Baltimore, the anode and cathode are 
placed at the extreme ends of the vat and a number of 
intermediate, or bipolar, electrodes are arranged in be¬ 
tween 5 . regulp intervals. The current is pa.s,sed 
through these if series, when copper is dissoWed from 
one side of each electrode and deposited on the other 
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side. By previously oxidising the surface, or coatim 
with carbon or grease, the deposited copper can 
readily be stripped away from the remaining metai 
sheet. 

With regard to the relative merits of the multiple 
and series systems,* twice the amount of copper as 
anodes is needed in the multiple as compared with the 
series system, hence a greater value of metal is locked 
up in the pr(K:ess of treatment. By taking thinner 
anodes, the percentage waste is much greater and plates 
must be renewed oftener at an increased labour cost. 
On tile other hand the volume of the electrolyte in the 
series arrangement need only be one fourth that in the 
multiple system, and the electrolysis is carried out at a 
higher temperature (48° C.) thus decreasing resistances 
and in consequence the size of plant. By making the 
electrodes very smooth and homogeneous by rolling, the 
distance apart in the vats has been decreased to as little 
as '5 to '8 inches. 

The cost of preptiration of anodes for .series viork over¬ 
balances the gain attained by economy of power and 
reduced value lix-kcd up in plants. 

In the older practice, and carrying but 2 to 4 amps, 
per square foot, the refineries needed an outlay in stock 
of 75 to too times their daily production, lately with 15 
to lyamps.only one-Ufth of this amounthasbeen needed. 

The current density depends on the purity of the 
anode copper, so that while 8 to 10 .amps, would be 
advi.sable for impure copper, for specially fine anodes, as 
high as 40 amps, has been employed. 

Nickel Refining. 

\ proce.ss of nickel refining is at the pre.sent time 
operated on a small scale in New Jer.sey at the Orford 
Copper Co. by an electroivtic process oY Mr. WrThum. 

4 ' - 

* Mineral lnfiue<try^ vol. iv, p. 293. 
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Nickel sulphide, which is separated from the copper- 
nickel matte resulting from the smelting of the Sudbury 
ores, is said* to be treated by an electrolytic process 
in which the nickel sulphide is used as anode material 
in a vat containing nickel chloride as electrolyte. In 
this way, the nickel is dissolved and deposited in a pure 
state on the cathode, while sulphur is liberated in a free 
state at the surface of the anode. 

•Kershaw, Electro-Metallurgij [\m), f.m. See also I’rini;, U.S. 
Patent 874,864, Decenilier, 1907. 
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CANADIAN WATER POWERS AND ELECTRO¬ 
CHEMICAL CENTRES. 

Canada is especially favoured by an abundance of water 
powers. Except in the prairie region, the rivers are 
characterised in not being naturally navigable to any 
considerable extent from their mouths, on account of 
their frequent interruption by falls and rapids. 

Development of water power has now been under¬ 
taken at numerous plant's chiefly in the east and extend¬ 
ing as far west as Winnipeg. The Government takes 
a very active interest in the development of these water 
powers, and in June, 1906, olfered for sale at public 
auction, 16 sites representing a total of 730,000 H.P. 

Westward of Winnipeg, the long stretch of prairie, 
necessarily possesses no waterfalls, but, beyond this, we 
reach the Rocky Mountain district in British Columbia 
which contains the greatest of all Canadian water 
powers. The falls in this district are chiefly characterised 
by possessing great head. The amount of power to be 
obtained from the streams of the Rocky Mountains and 
from the wide rivers with their large volume of swiftly 
flowing water is of enormous magnitude. The harnessing 
of these water powers should prove comparatively easy, 
though at present very little has been accomplished on 
account of the vqry scanty^ settlement of this part of the 
country. Developments arc taking (q5lace .rapidly, 
however, and two or three important po- er statiortSoare 
now in successful operation in British Col.'mbia. 
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Region of the Lower St. Lawrence.* 

Considering first the most easterly of the Canadian 
water powers and then proceeding westwards, we have, 
first, the St. Lawrence River with its numerous 
tributaries which contain many falls and rapids. 
Beginning at the extreme cast, the first tributary of 
any importance is the Matapedia River on the .south 
bank, near the Gaspti peninsula. The Matapedia 
Valley is a valuable farming and lumber district, and 
the river affords numerous water powers, some being 
equivalent to 4,000 H.P. These are applied to a small 
extent to the working of .saw mills. 

Region of the Eastern Townships. 

This district, which is an important grazing country, 
lies at the .south of Quebec, and posse.s.ses rivers which 
contain many water powers. The principal rivers here 
are theChaudi^re, Saint Frances, Nicoles and Bdcancour. 
Many of these water powers are already utilised for .saw¬ 
mills and various manufactories. 

The St. Maurice Region. 

This extensive territory, called the Valley of the 
St. Maurice, is situated on the north of the river .St. 
Lawrence, behind the town of Thret; Rivers. 

The St. Maurice, which drains the greater part of 
this region, is a river, the waters of which are rapid and 
sometimes deep, and which runs from north to .south, 
falling into the -St. I.awrence. 

For a distance of 2(X) miles from its mouth, the river 
has an average width of a quarter of a mile. The 
region through which it runs is generally very moun¬ 
tainous, and the river is impeded by a great number of 
rapids and falls, the most important being those of 
Shawinigan, L^ Tuque and Grand’M^fe. 

*A.?rnrgeon r ' p,jport of the Minister of J,and8 and Forests in the 
Province ofSJeeb^ (1906). 
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The St. Maurice River contains a large number of 
lakes scattered over its watershed which act as reservoirs, 
and thus equalise the flow of the river. 

Shawinigan Falls. 

This place is situated about half-way between Quebec 
and Montreal, and at a distance of about 85 miles from 
the latter. An important power development has here 
been carried out by the Shawinigan Falls Power Co. 
Very wide concessions were made by the Government to 
thiscompany in thematterof expropriating land required 
for the purpose of transmission lines. Shawinigan 
Falls is situated on the Great Northern Railway between 
Quebec, and Montreal. 

The town of Shawinigan Falls has been laid down 
with a view to the erection of a model manufacturing 
town. A portion has been reserved for mill sites, and 
the rest laid out in lots for resid<'ntial purposes. The 
population of the town, wliich dates from iq<X), now- 
amounts to about 4,000. 

A total development of 25,000 H.P. from the 
Falls has now been .achieved, most of which is 
transmitted to Montreal by an 85 mile line of aluminium. 
The current is stepped up to a volt.age of 50,000, 3 phase. 
The transformers are oil-cooled and placed in a separate 
building. \ special device is litted to each transformer 
to afford protection in case of fire. Tht' oil in the tank 
for this purpose can be displaced by water and forced 
into the sewer. 

The principal industries around the Falls are the 
Northern .Aluminium Company--a branch of the 
Aluminium Company of America, where aluminium 
metal is obtained*-the Carbide Company, manufactur¬ 
ing calcium carbide, and the Belgo-Canadian Pulp 
Company, whicl. operates large paper mills and takes 
8,000 H.F’. ,\ transmission line h.as^iow be 4 n, built 

•The output of this luetnl in 1905 was 1,035 tons.Np 1906,2,700tons 
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across the St. Lawrence River conveying power from the 
Falls to the asbestos mines of Black Lake and Danville. 

The town of Grand’M^re arose in 1809 to utilise the 
La Tuque water power, and the Falls of the Grandes 
Piles. The latter has an estimated minimum power of 
23,000 H.P. Grand’M^re has now a population of 
2,500 inhabitants. 

There are numerous other water powers in this district 
which have not yet been developed, and which offer a 
valuable field to the opening up of new manufacturing 
industries. 


The Lake SI. John and .Saguenay Region. 

Lake St. John lies to the north of Quebec, and the 
.surrounding Saguenay region, embracing an area of 
30,000 square miles, contains an abundance of water 
power which could easily be made available for industrial 
purposes. 

1 his di.strict is renow ned for its valuable hunting 
grounds and fisheries, for its forests and the fertility of 
its .soil. Among the tributary rivers of Lake St. John 
are:— 


(1) The Metabetchouan, which pos.se.sses a waterfall 
of over 200 feet in height, and three rapids. 

(2) The Quiatchouan, which forms at two miles from 
its mouth, a fall of 236 feet in height. 

(3) 1 he Grand Peribonka, w hich, at a distance of some 
five miles from its mouth, has seven waterfalls, formed 
one above the other, and which could develop a motive 
power of 300,000 H.P. 

(4) The Little Reribonka, which, at the town of 
Dalmas, forms the “ Chutes Blanches,” where hydraulic 
power is used by the Peribonka Pulp Factory. 

(5) Mistassini, which has falls and cascades at the 
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its coura, the most important being the Chutes des 
Pires, which are 45 feet high. 

The Riviere aux Rats is a tributary of the Mistassini 
and, in the first seven miles above its confluence with the 
latter river, forms falls of jo, 40 and 60 feet in height 
capable of furnishing a force of 125,000 to 150,000 H.P. 

The River Chamouchouan, at a short distance above 
the village of St. Fdlicien, and about 15 miles from Lake 
St. John, contains cascades and falls of great size. It is 
calculated that in the 50 miles of its course, the hydraulic 
force of this river would easily produce 300,000 H.P. 

Very large water powers are al-so met with in the 
counties of Chicoutini and Saguenay, notably those of 
the River Chicoutini, au Sable, Shipshaw', Saguenay, 
Portneuf, Ste Marguerite, Grande Trinitd, Petite TrinW, 
E-Sconmains, Sault-au-Mouton, Bethsiamis,au.xOntardes, 
Manikuajon, Pentecote, aux Rochers, Marguerite, 
Moisie, Natashquan, etc., etc. Some of these arealready 
employed by large manufacturing establishments, 
notably that of the Chicoutini River, where the 
Chicoutini Pulp Company has erected very large works. 
The hydraulic powers of the Rivers Marguerite and 
Trinity are worked by two companies—American and 
English. 

This .Saguenay district now contains a number of 
growing settlements, and is well served by transporta¬ 
tion facilities. Ntimerotis steamers ply regularly on 
Lake St. John and the .Saguenay River in summer. 

The Quebec and Lake .St. John Railway runs through 
the whole region between Quebec and Lake St. John, 
and is igz miles long. A direct line also connects this 
interesting district with Ottawa. 


Great Falls, New Brunswick. 

An important elcctro-chemical works is in dperation 
at Great Falls, New Brunswick, for the reduction of 
manganese ores, which occur in the WigKbourhood. 
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These are here converted into ferro-manganese alloys of 
high quality. 

Lachine Rapids, Montreal. 

At these rapids the St. Lawrence River itself under¬ 
goes a drop of i6 feet. Some 8,000 H.P. is at present 
generated from this source, and is used in Montreal, 

The Ottawa Region. 

This region comprises an area of forest land of over 
40,000 square miles. The Ottawa valley is bounded on 
the south by the St. Lawrence, on the west by the 
city of Ottawa and Lake Temis aminque, on the north 
by the height of land dividing the basin of the ,St, 
[..awrence from that of Hudson’s Bay, and on the east 
by the tributaries of the riglit bank of the .St, Maurice, 

The chief industry of this country is that of lumbering, 
though mining, and e.s|x*cially the (]uarrying of 
phosphates, which are hjund in large deposits in many 
townships of the Ottawa \alley are contributing greatly 
to the development of colonization here. 

The Ottawa River contains a large number of tribu¬ 
taries whicli furnisli good water powers. On the main 
river the chief are: 

thaudicre Falls at Ottawa. Power is here developed 
on a small scale for the electrical supply of the city and 
for the operation of lumber mills in the district. The 
chief power company, that at Hull, Ottawa, .sr-lls power 
at $15 per H,P, year, 

Chat.s Falls. “ Les Chutes des Chats ” on the 
Ottawa River are situated four miles from the Quyon 
station on the Pon’iac Railway, and ,33 miles from 
Ottawa, These falls promi.se to give ri.se to an important 
industrial centre in the future. A careful e.samination 
and measurements of the falls’have been made with a 
view of applying^hem for the generation of power, and, 
as me.itioned below in the section on iron smylting, a 

scheme has bee.i put forward to establish here an iron 

• • ,• 


•E 
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smelting centre. The Chats Falls have a difference in 
level of 36 feet between head and foot and the flow during 
mean low water level has been estimated at 17,200 cubic 
feet per second. 

This corresponds to a theoretical power of 70,000 H.P., 
and, it is considered, that the total maximum power that 
can be practically derived amounts to 50,000 H.P. 
Development of power :it this place promises to be free 
from difficulty. 

About one-third of the whole discharge of the Ottawa 
at the “ Chats ” passes on the Quebec side. The water 
yiuN'\\eyi,e,s, tor vXrrs ■power, arwowwU'ng to about 15,000 
H.P., have been valued at $18,000, and it is thought 
advisable to sell this power in three sections, reserving 
one for the operation of a railway to be constructed in 
the district. 

The value of the Chats Falls is at present diminished 
through the existence of other water powers situated 
nearer Ottawa. In addition to the Chaudi^res Falls at 
Ottawa it.self, there are the Deschf'nes Rapids within five 
miles from the city. These form u very line water power 
from which the Dc.schf'nes Milling Co. and the Hull 
and .Aylmer lilectric Railway on the Quebec side derive 
their power. 

The “ Metropolitan Flectrical Company of Ottawa ” 
is about to erect a 5,000 H.P. plant at Britannia, on the 
Ontario side of these falls. 

This company posse.sses tfio acres of land along the 
river, which was purchased together vcith the water 
rights, affording a total of 20,000 H.P., for the sum of 
$20,000. 

The.falls of the Grand Calumet form another important 
power on the Ottawa River, though they present some 
difficulty in developing.' The power of these falls is 
estimated at 6,000 H.P. ,= 

Among other big water powers of the River (Ottawa 
are “ Les Chutes et Cascades du Cheftal tfu RocJjer 
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Fendu,” south of the Grand Calumet Island and north 
of the Allumette Island. 

At the western extremity of this part of the Ottawa 
River called the Riviere Creuse, we meet the falls and 
rapids of the Joachims, the rapids “ du Rocher 
Capitaine,” of the “ Deux Rivif^res,” “ du I.evier " and 
Mattawa. 

The water power from the Joachims in front of 
Aberdeen, in the county of Pontiac, is capable of 
furni.shinff a minimum of i,^,ooo H.P. The cascades on 
ttve Wwet GaUneau, a ttfcutary of the Ottawa, is 
calculated as equal to 40,000 H.P., and the rapids of 
St. Joseph and lies Kaus, on the same river at 7,700 H.P. 

The rapids of Mattawa and Johnson toijether will give 
7,500 H.P. 

On the River Ottawa the water power of the I-ong 
Sauh Rapids is estimated at 20,681 H.P. 

The Region oj the Temiseamingue. 

This embraces an immense territory comprising the 
valleys of the 1 -ake Teniiscaniingue and the River des 
Quinze, which is it.self a continuation of the River 
Ottawa. 

This district is of interest from an agricultural stand¬ 
point, and on account of its immense forests and 
abundance of game; it has also attained considerable 
importance as a mining lentre on .account of its minenal 
resources. 

The numerous rivers and streams in this di.strict form 
many .sources of power, some of which are of great value. 
The River des Quinze alone possesses 15 falls, and the 
River Kepewa and I.a I.ontre several important itnes. 

The following is a de.scriptjon of the water powers 
offered for sale at public auction in June, 1906. The 
Goverpment roni:e.ssion takes the form of a lease for 
99 years, and is given on condition that the les,see 
ex{iends a definite sum within c period of five years, 
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amount being in each case determined by the size of the 
water power. In default of this expenditure the lease is 
cancelled. 


Name of Power and 
Situation 

Kai-Kai-Kc Kapid on River des 
Quinze near N orth Temiscamini^ne 
Island Kapid, River des Quinze, 
near North Temiscaniingue ... 
Discharge of Lake Treniblant near 
Trembling Moiintain station ... 
First Falls on River Maniconagon, 
Saguenay County,' on Nortli 
Shore of St. Lawrence 
Falls of the River am Outardes, 
Saguenay County, on North 
Shore of St. I.Awrencc 
La Cabelle Rjtpid on St. Maurice 
River, near Three Rivers, on the 
line of the St. Maurice Valley 

Railway ... . 

Coteau Rapids on the St. Lawrence 
at Coteau du Lac, County of 
vSoulangcs. Close to the Crand 
Trnnk and the (’anada Atlantic 
railways, and also to the Sou- 

langes Canal. 

Iroquois Falls on the Vermillion 
River, 21 miles aliove La Tuque 

River Manouau Falls . 

Gmnd SaiiH on River Rimouski... 
Rapide Malin, River Ronaventure 
Chaiidiere Falls on River Chainou- 
chouan, Lake St. John County 
Chute (les Peres, River Miatjvssibe 
at Pelletier, Lake St. John 

County. 

Falls of Sault an Cochon, ^ Sa¬ 
guenay County, tone mile from 

St. Lawrence River . 

Great Bear Falls on River 
Chamonchouan, IS miles from 
♦* Lake St.tJolm ... ... 


Height 

of&il 

feet 

Estimated Total Power 
available at low water 
H.P. 

46 

15,640 

95 

52,000 

36 

360 

110 

331,456 

200 

180,992 

20 

8,000 


2—15 

10,000—15,000 

:ir) 

1,200 

30 

1,000 

M) 

500 

6 

700 

6o 

12,000 

42 

11,848 

- 

2,poo 

80 

100,000 
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In most of the above cases the lease includes possession 
of the banks of the river for a considerable distance up 
stream, so that the available head of the falls, and 
consequently the power ran, in a good many cases be 
artificially increased 


List or Water Power sold in the Province or Quebec from 
• .SOiii June, 1905, to 1st Jui.t, I90(). 


Kamee and I’laceR 


Approx. Price and 

H. P. To wlioni Mold condition of sale 
available or leaaed or leano 


Rapidc (ies H^tres, 1,400 The Shawinigaii $1,500 
St. Maurice River, Lakes Power 

Champlain County. and KIcctric 

Co. 


426 The Si. Raymond -$800 
Paper Co. Ltd. 

First Falls, Mamicou- A. W. <ie Tori- $2,005 


St. Anne River, County 
of Pomeuf. 


agan River, together 
with 500 acres of 
land mentioned in 
above list. 


Obligation toex- 
pend $.500,000 
on opemting 
these falls within 
five years. 


Manouan River, 1,000 

Champlain County, 
together with .50 
acres of land. Men¬ 
tioned in above list 
Sault au Cochon River 2,000 
together with I,.SI8 
acres. Mentioned in 
above list. 


$.505 

Obligation to 
spend $100,000 
on development 
within five years. 
$805 

Obligation to ex¬ 
pend $150,000 
on development 
within five years. 


RarcRENCE.—" Report of the Minister of J^ands and Forests of the 
Province of Quebec, 1906.” 


Further west, is situated Niagara Falls. Three large 
power stations have been erected on th Canadian side of 
the FaK.., and af present io,ooo H.P. is being transmitted 
to Toronto, as is discussed in the special section above 
dealing with I^'iagara (p. 13). 
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Sault Ste Marie. 

Proceeding westward, the nett important water power 
centre is at Sault Ste Marie, at the head of Lake Huron, 

The growth of this place within the last ten years offers 
perhaps one of the best examples of the rapidity of the 
development of American towns. Sault Ste Marie is 
situated at the point where Lake Superior empties itself 
Into Lake Huron, and, like Niagara Falls, two towns have 
arisen, one on the American, the other on the Canadian 
bank of the river. In 1897 *he town numbered only 
2,500 inhabitants, being merely a scattered village with 
some old flourmills, and chiefly of importance on account 
of the locks for the passage of the large freight boats 
taking iron ore from the F.ake .Superior district towards 
the cast. Five years later, .some 6,000 men were 
employed in the factories, and now a great centre has 
ari.sen with .steel works, rolling mills, blast furnaces, 
chemical works, and sulphite pulp mills. This meta¬ 
morphosis took place as .soon as it was realised how 
important the situation of the place was, and W'hat 
possibilities lay in the application of the water power 
available from the .Sault rapids in their 20 fiM>t fall. The 
development of the district is due to the enterprise and 
energy of Mr. F. H. Clergue, who in 1894, took steps 
for the harnessing of this large water power. Since 
then, upwards of ;^io,(mx),o<X) have been expended on 
this scheme and the accompanying indu.stries. 

The minimum available electric power of Sault Ste 
Marie is about 110,000 H.P., and the present utilisation 
of power amounts to 60,000 ll.P. 

The method by which this water power is controlled 
is by the construction of three parallel canals 
through the narrow neck of land which separates 
Lake Superior fiom Lake Huron. Tig* largest of the 
canals is on the American side of the boundary, and is 
aj miles long, 200 feet wide and 22 feet deeo. The 
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water, to the amount of 108,000,000 cubic feet per hour, 
passes into a wide forebay, through and across which is 
the power house owned by the Michigan Lake Superior 
Power Co., and which extends over 1,368 feet in length. 
The turbines, on account of the low available head, 
number 320, each of 125 H.P. The Union Carbide Co., 
which adjoins this power house, takes io,ixx) H.P. for 
the manufacture of calcium carbide (p. 31). The two 
smaller canals are on the Canadian side. Here some 
20,000 H.P. was originally developed, but there 
appeared no means of its disposal, and no manufacturers 
came forward to avail themselves of it. The Canadian 
Lake Superior Power Co., as the enterprise was named, 
had consequently to cast about for something it could 
manufacture itself. Accordingly, the making of pulp 
was decided upon, and the Sault Ste Marie Pidp and 
Power Company was formedand capitalised at ^'300,000. 
This at first was most prosperous, and underwent 
enlargements, but later suffered severely from the 
competition of the papier makers of the United States, 
who combined to lower prices. A pnx'css for the 
manufacture of dry pulp was invented, however, and the 
product is now prepared on an extensive scale. 

Next the production of sulphite pulp was taken up for 
the manufacture of which sulphurous acid is requisite, 
and the next problem was to obtain sulphur. The 
source of this material which was decided upon was 
nickeliferous pyrrhotite, which occurs in the neighbour¬ 
ing Sudbury district. .After extensive experiments a 
process was devised of recovering the sulphurous acid 
obtained by a roasting process. 

Another indu.stry was led on to from this by the 
problem of the disposal of the residue containing nickel 
and iton left after the roasting off of'jhe sulphur. An 
electric furnace treatment was devised by Mr. Sjdsledt 
which gave a ferro-nickel of very high grade. 
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Iron Industry. 

The smelting of iron ores was next engaged in by the 
lj.ake Superior Power Co. The Helen iron mine, the 
ore of which assays 64 per cent, pure iron, was 
accordingly secured. Mines of the highest grade ore, 
and only 12 miles from a harbour on Lake Superior, 
were later opened up, and thus ore can be shipped to the 
works at a very low cost. 

The Canadian , Electro-chemical works was next 
established for the purpose of manufacturing chlorine 
and caustic soda, the Rhodin Electrolytic process 
being in.stallcd. This prrx^css is somewhat similar to 
that of theCa.stner-Kellner, working with an intermediate 
mercury electrode, a cell of inverted bell form being 
employed. One hundred and twenty of such cells were 
in use at these works, taking a total current of 800 H.P. • 
and producing y tons of bleaching powder and 4I tons 
of cau.stic .soda daily. This plant is now no longer in 
operation. 


Kakabeka Falls. 

Still further we.st, near Port William, at the head of 
Lake Superior, a power development has been under¬ 
taken at the Kakabeka Falls on the Kaministiquia River, 
and is being utilised for the supply of current to Fort 
William and Port Arthur. Between Lake .Superior and 
Hudson’s Bay there are known to be extensive water 
powers not yet developed, and further westward, many 
occur on the Lake of the Woods, 

.At Winnipeg, electric power for the driving of trams 
and lighting the city, etc., has been brought in "irom 
falls on the Winnipeg River. 
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West Kootenay Power and Light Co.* 

This power development is situated in the centre of the 
mining district of British Columbia, having been 
constructed at the Bonnington Falls on the Kootenay 
River. This is a tributary of the Columbia River, and 
has been found to have a minimum flow of 5,850 cubic 
feet per second at the above falls, where there is a drop 
of 70 feet. The natural head is now being increased to 
the extent of 10 feet by building a timber dam across the 
river. 

The power house is of reinforced concrete built actually 
in the old river bed, a cofferdam having been constructed 
from the bank to an i.sland in the river, thus removing 
the water from the whole site. The water is led to the 
turbines down a tube formed in concrete without any 
steel lining. Each 8,000 H.P. turbine consists of three 
inward flow Francis runners. Half of the water passes 
upwards, and is brought down again by a draft tube. 
The lower runner discharges downwards into its own 
individual draft tube. 

By thus discharging in opposite directions the thrust 
on the bearing is eliminated. The generators, which 
are of the umbrella type, are directly connected to the 
turbines, and operate at 2,200 volts and a frequency of 
60 cycles. Two units only are at pre.sent installed, and 
two more are in course of erection. The general scheme 
of electrical distribution is so arranged that power can, 
at present, be delivered to Phienix, 70 miles distant. 
Grand F'orks, 69 miles distant, and Greenwood, 83 miles 
distant, at 60,000 volts, and to Rossland and Trail 28 
miles distant, at 22,000 volts. 

The whole of the power so far sold is used in mining 
and smelting work and for the lighting requirements of 

ti. HoIgat«. " Power development on the Kootenay 
BiTer.” Trant. 0 / Canadian Son. of Ciril Kngintern (1907), vol. xii, 
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mining towns. It is now contemplated to a^^ly the 
power to the operation of railways in the district.-, 

Vancouver Power Co. 

Another important development near the west Coast is 
that of the Vancouver Power Co. at Buntzen, near 
Vancouver. The water is here led from one lake to 
another by means of a tunnel in solid rock, a distance 
of miles. A head of 420 feet is thus available. 
15,000 II.P. are now being developed and sold, and 
provision for 40,(XK) H.P. exists. Current for light 
railways, local industries and lighting is provided by 
this company. 

The Stave Ijike Power Co. at Ruskin, near Vancouver, 
is now (-reefing a large power plant on Stave Lake, and 
current will be transmitted from here to Vancouver. 
The Canadian Pacific Railway contemplate electrifying 
sections of their railway in this di.strict. 

The Consolidated Mining and Smelting Company of 
Canada, Trail, British Columbia. 

This company possesses a number of mines in the 
Kootenay district of British Columbia, the chief of 
which, namely, the Josie, Centre Star, War Eagle, and 
the Le Roi, are at Rossland, which is reputed to be the 
se.it of the most extensive gold deposits known. An 
important mine known .is the St. Eugene, is also worked 
at Movie. Lead and copp<!r ores from these mines are 
smelted at the company’s own .smelting works at Trail, 
a town which is about eight miles di.stant from Rossland. 
A quantity of ore from other mines is also bought and 
smelted here. The annual report of the company for the 
year ending Jure, t()oy,* shows that the gross value of 
the metals produced during the veitr at the smelter 

* Engtnefring and Mining Jotirnaf, Mait'h 14th. 1908. o. .W7 
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amounted to £757,200 of which ;f33t,400 came from 
ores from the company’s own properties. 

The Centre Star and War Eagle mines produced 
81,788 tons of ore, containing 32,306 oz. of gold, 
27,808 oz. of silver, and 1,030,520165. of copper, of a 
total value of ;^i 78,600. 

The St. Eugene mine produced 127,645 tons of ore, 
containing 679,05002. of silver and 20,301,389 lbs. of 
lead, the total value being ;{;'342,8oo. The Trail smeller 
treated 222,573 tons of ore producing 69,16802. of gold, 
1,100,221 02. of silver, 20,383,083 lbs. of lead, and 
3 i 443 > 3 *o lbs. of copper. The dividends paid during 
this year were ;^ioo,o()o on an issued capital stock of 
;^ 066 ,ooo. 

There are, in operation at Trail, live modern copper 
furnaces and two lead furnaces, d’he copper ore as 
obtained from the Josie mine contains : 


Gold ... 

. '4 to 02. per Ion 

■Silver ... 

. ro 02. per Ion. 

Copper 

. 1 '6 to 2 ' 2 % 

Iron ... 

. i 6'5 tO23’0% 

Silica ... 

. 41 to 50°', 

Sulphur 

. 8 to 13% 


This ore is first roasted and then mixed with a suitable 
charge of lime, silica, and coke, and smelted to a copper 
matte and slag. The copper matte contains about 
20 per cent, copper in combination with sulphur and all 
the gold and silver values from the ore, while the slag 
contains most of the iron combined with silica, and 
usually as little as i per cent, of copper. This low 
grade matte is treated a .second time in the blast furnace, 
when more sulphur is removed) causing the iron to pass 
into the slag as sjficate, and leaving a hfgh grade matte, 
conftming about 60 per cent, copper, whilst the slag 
contains as little as '2 per cent, of this metal. This 
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matte is then shipped to Tacoma, on the Pacific coast, tc 
be further treated for the extraction of copper! 

The lead ores which are smelted at Trail vary widely 
in composition, containing:— 

Lead . "5 to 25% 

Sulphur . 7'4 to 17% 

Zinc . 4'o to 22% 

Silver . '5 to 50 oz. per ton. 

Gold . '2 to 3 02. per ton. 

In purchasing lead ores, when a higher percentage of 
zinc than 10 per cent, is present, a penalty is deducted 
on account of the deleterious influence of this metal in 
smelting by the blast furn.icc. The lead ores are 
roasted in Huntington-Hebcriein furnaces, at a dull red 
heat, whereby the sulphur is reduced to about 5 per cent., 
and are then treated in the Hebericin converter, in 
which, at a higher temperature, the .sulphur is reduced 
to about ^ to I per cent. 

The ore is then smelted direct to bullion in blast 
furnaces, two of which arc in operation. The lead 
bullion is run out at the bottom, while the copper present 
forms a matte containing le.id, copper, iron and sulphur, 
and is run out of the furnace at a rather higher level. 
The matte is afterwards treated in the copper furnaces to 
recover the copper. 

The bullion prodtict“d by the smelting operation is cast 
into pigs and has the composition :— 

Lead . gys) to <)8'4% 

Copper . '15 to , '36% 

Antimony . '4 to '7% 

.Xr.senic . 1 to '3% 

■Silver . too to 300 oz. per ton. 

Gold ... . 2'5 to 5'2 oz. per ton. 

The whole of the bullion produced is refined by the 
.^Betts electrolytic process to the amount of 80 tons daiiy}' 
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Before describing this a brief account will be given of 
the older methods now in general use for refining lead. 

(1) Cupellation Process. In this the whole of the 
lead is oxidised, whilst the rare metals remain behind. 
The bullion is, for this purpose, melted on a hearth or 
cupel lined with a mixture of limestone, cement, fireclay 
and magnesite, or simply with sand and cement. After 
raising the temperature to the necessary degree, a rapid 
current of air is blow over the surface and the lead 
oxidised and removed as litharge, whilst the gold and 
silver remain behind on the cupel. The oxide has then 
to be reduced again to metallic lead. This procc.ss 
cannot be economically carried on with lead which 
contains less than about 8 oz. of silver to the ton. 

(2) Pattinson Process. This makes use of the 
fractional crystallisation of the molten lead silver alloy, 
which is allowed to c(X)l very gradually, when the lead 
solidifies first and is removed in the form of crystals, 
while the liquid which remains contains mo.st of the 
silver. This operation is repeated several times until 
lead fairly free from silver is obtained, and a rich silver 
alloy separated which is then cupelled. 

(3) The Parkes Process. This is the method mo.st 
commonly in use for refining lead. The process is 
usually carried out in the following stages 

Firstly, Softening of the base bullion to remove copper, 
antimony, etc. For this purpose (he metal is melted in 
a reverberatory furnace which is constructed of fire-brick 
laid in a wrought-iron pan, the sides and ends of which 
are protected by water-ctxiled jackets. The bars of 
bullion are placed in the furnace and melted down 
slowly, and by keeping the tetliperaturi'. low, a dross of 
copper aside forflis on the surface an8 is removed by 
skimming off. The temperature of the metal is then 
•^rajped, wnen a dross of oxide of tin (and arsenic if 
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present) forms, which is removed in the same way. On 
raising the temperature still higher, antimony appears 
on the surface in the form of black, oily drops, ultimately 
forming a sheet which covers the surface of the metal. 
Fine coal or ashes are then thrown on this, causing the 
dross to thicken, which is then skimmed off. This 
antimony dross contains a large percentage of lead and is 
usually worked up into hard antimonial lead which is 
used for type metal, Britannia metal, etc. The charge 
is then ready for the next stage of the process—that of 
dcsiherhalion. 

For this, the metal is run into a large pan and heated 
to the melting-point of zinc. A charge of zinc, the 
amount of which is determined by the gold and silver 
content of the metal, is then added, and the whole is well 
stirred. .'\n alloy of zinc with gold and silver is formed, 
which, on cooling, .solidifies as a crust or in the form of 
crystals on the surface. This zinc crust, which contains 
only a small amount of lead, is removed by means of a 
perforated ladle, and, after liquation in a small reverbera¬ 
tory furnace to remove any adhering lead, the sub.stance 
is subjected to distillation to remove the zinc from the 
gold and silver. Retorts, which hold some 600 lbs. of 
metal, are used for this purpose, and provided with a 
vent-hole on the upper side and with condensers lined 
with a mi.xture of lime, clay and cement. Distillation 
begins after heating for .about an hour and is indicated 
by a green flame which appears at the vent-hole. The 
zinc collects in the condenser and, when no more distils 
off, the remaining bullion is transferred to the cupel. 

The most important temporary lossresults from a dross, 
w hich forms on the bullion and which consi.sts of an alloy 
of lead and silver with any copper present, hence the 
importance of r-moving ‘the copper as completely as 
possible at the earlier stage of the prbeess. A certain 
loss of silver also takes place through volatilisation 
together with the zinc duiLng the distillation. 
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The whole of the lead bullion obtained at Trail is 
refined electrolytically by the Betts process as described 
below. 


Electrolytic Lead Refining at Trail. 

In 1902, Mr. A. G. Betts, after a detailed investigation 
and trials on a large scale, brought forward an electro¬ 
lytic method for the refining of lead. The essential 
difference from other electrolytic processes lies in the use 
of a fluosilicate electrolyte, consisting of a solution of 
lead fluosilicate with an excess of free acid. This 
conducts the current well, is easily handled and stored, 
non-volatile and stable, and is easily prepared from 
inexpensive materials. Lead fluosilicate is exceedingly 
soluble, requiring only 28 per cent, of its weight of water 
for solution. At first difficulty was experienced through 
the'unevenness of the deposits on the cathode by the lead 
branching out in crystalline growths and causing a short 
circuit between the electrodes. The.addition of a small 
amount of gelatine, or glue to the bath, however, was 
found to surmount this difficulty and to cau.se a perfectly 
coherent and fairly smooth deposit. The deposited lead 
has very nearly the .same structure as electrolytic copper 
and a specific gravity of about 11 '36 -the same as that of 
cast lead. 

This process has now entered into succe.ssful competi¬ 
tion with the older methods (tho.se of Parkes, Pattinson, 
etc.) as a means of recovering lead and silver from ba.se 
bullion. The most important of these installations is at 
Trail, and others are in operation at Gras.selli, Ind., near 
Chicago, and at Newcastle-on-Tyne (see p. 129). 

The procedure at Trail is to first melt the metal in a 
circular iron tank about 12ft. in diameter, and by 
cont^t with the Sir, a dross is formed on the surface 
whiclrcarries away most of the copper. By means of 

pump Snd long spout the, molten bullion is then 
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delivered to the anode moulds which are made of cast- 
iron of the special design of Mr. R. Truswell. Anodes 
are thus furnished of compact metal and in a form 
suitable for use in the tanks, and providing for a 
minimum of waste through metal not immersed in the 
electrolyte. 

The dimensions of the anode are, 30 in. wide, 31 in. 
deep, and of thickness from J in at the bottom to in. 
at the top, the wedge-shape being used to facilitate 
extraction from the mould. Side lugs project at the top 
to permit suspension from the bus bars into the tank. 
The weight of eacji anode is about 400 lbs. 

The cathodes consist of thin sheets of refined lead, 
which are prepared by a device of Mr. J. F. Miller, in 
which a trough of molten lead is inverted and the metal 
caused to flow and solidify over an inclined iron plate. 
The edges of the cathode are then trimmed, forming a 
thin rectangular sheet of metal of 20 lbs. weight. The 
top edge is next wrapped round a copper bar for the 
purpose of suspending across the bus bars. When 
in situ in the bath, the electrodes are insulated, the 
anodes on one side, and the cathodes on the other, from 
the bus bars by strips of wood. Good contact is 
.secured on the flat surface of the lug at the other side 
through the weight of the electrode. 

180 tanks are at present in use at Trail, each being 
6ft. 4in. long, aft. bin. wide and about 3ft. bin. deep. 
The.se are made of wood bolted together, and coated with 
tar inside, and are arranged in pairs, side by side, the 
current pti.ssing through the two in series. The 22 
aiKKles, which together weigh 3—4 tons are lowered into 
position in the tanks by means of a travelling crane and 
the 21 starting sheets are next placed in between in a 
similar way. " , 

The passage of the current causes the anocfes to 
dissolve in from it to 12 days, .\fter a lapse of 5—6^ 
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dtys, the cathodes are removed and another set of start¬ 
ing Sheets inserted, so that two crops of lead are taken 
from the anodes. A new arrangement is now being 
introduced however, in which, by the use of rather 
thinner anodes (| in. thickness at bottom to ij in. at top), 
the electrolysis will be conducted with the use of one set 
of cathodes to one of anodes. 

The electrolyte used is of the composition 

HjSiF, . 9'5—'0'5% 

Pb (as PbSiF,) ... 4-5—5-2% 

Specific gravity ... rij—ri6 

and is prepared by acting on fluorspar in presence of 
silica, with sulphuric acid. The calcium sulphate 
resulting from the interaction is allowed to settle and the 
HiSiFj decanted or distilled off. Any free sulphuric 
acid present is removed by the addition of the calculated 
amount of white lead. The electrolyte tends continually 
to dissolve an e.xcess of lead from the electrodes and to 
lose its acidity. This is rectified by using the free acid 
to replenish the electrolyte, A .small amount of glue is 
added to the solution from time to time to cause greater 
smoothness of the deposited lead. The function of the 
glue appears to be partly physical and partly a reducing 
effect, as frequent renewal is necessary. 

The solution is circulated from one tank to another 
by gravity and is then pumped by rubber pumps and 
along pipes of the same material. /\s.says are made 
daily of the electrolyte, and its composition can be 
controlled by regulating the current density and speed 
of circulation. Lowering the current and increasing the 
circulation raise the lead content of the .solution. 

During the electrolysis, the Itad is dissolved from the 
(^node artd deposKbd on the cathode in a more or less 
liodulKted form. The anode slime remains attached to 
y^anode,* so that this electrode changes very little in 
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appearance even after nearly all the lead is dissolved. 
This is especially the case when the lead contains a large 
percentage of antimony, when hardly any change of 
colour is observable. 

The usual current density employed is i6 to i8 amps, 
per square foot,atotalcurrentof from 3,100 t0 3,6ooamp8. 
and 70 volts being supplied to the two parallel sets of 
90 cells. The voltage between the electrodes varies 
from 28 V. at the beginning of the electrolysis to ’4 at 
the end. This increase is cau.sed by the resistance of 
the neutral solution enclo.sed in the .slimes which gradu* 
ally become thicker on the anodes. The slime contains 
lead, copper, gold, silver, bismuth, antimony, arsenic, 
sulphur and occasionally tin, .selenium and tellurium, 
while zinc, iron, nickel and cobalt originally present in 
the lead pa.ss into the electrolyte. 

On the completion of the electrolysis the 22 anodes 
are removed from the tanks together, and taken into a 
washing tank where the black .slime is carefully removed 
from scrap metal and freed from fluosilicate. The 
amount of scrap returned is about 20%. At first the 
water from a later stage in a previous washing is used, 
careful note being made of the specific gravity of the 
different portions of wash water as this is eventually 
returned to the electrolyte. 

The average composition of the slimes is as follows: 


Lead . 

. to—18% 

.Arsenic . 

. 23—28% 

Antimony . 

. 21—27% 

Copper . 

. 7—22% 



Silver . 

. 5 % 


The zinc, iron, nickel and cobalt g. into solution in 
the electrolyte but as they are present only in very Small 
amount, cause little or no complication. 
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Treatment of Slimes. 

It has been a problem of considerable difficulty to 
devise a satisfactory method of separating the consti¬ 
tuents of the slimes and one which has been the subject 
of a very large amount of experimental work. 

Methods which have been proposed for the treatment 
of slimes include the following:— 

(1) A distillation process which is carried out in the 
electric furnace, effecting separation by the fractional 
boiling of the metals. 

(2) Amalgamation, whereby arsenic jjnd antimony can 
be separated from the metals which alloy witli mercury. 

(3) Fusion to alloys and then separating by chlorina¬ 
tion or precipitating one metal by another, or by 
electrolytic refining. 

(4) Dry chlorination of the slime, followed by a sepa¬ 
ration of the chlorides by fractional distillation. 

(5) Direct electrolysis with the slime as anode and a 
suitable electrolyte, or fusion of the slime to an alloy, 
followed by electrolytic treatment. 

None of the above methods have been taken past the 
experimental stage or applied at all on a practical scale 
One method of separating antimony which has met with 
more success, having been in operation at Trail 
and at Newcastle-on-Tyne, consists in treating 
the slimes with hydrofluoric acid. Antimony is thus 
dissolved, and after the addition of .some pota.ssium or 
sodium fluoride, the .solution is electroly.sed and anti¬ 
mony deposited. The method which is now in use at 
Trail, however, having been developed to a succe.ssful 
process, is as follows:— 

The anode slime is washed on the counter current 
principle, the wash water which'results from a previous 
washing being fir.sf u.sed. When the wash water con¬ 
tains tfcertain percentage of electrolyte it is returned to 
ttlfcjtats to Veplace losses. 
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The slimes are allowed to settle after each washing, 
and the water is removed by decantation. The final 
washing is effected with hot dilute alkali to remove the 
last traces of acid, and the slimes are then boiled with a 
6 per cent, sodium sulphide solution, containing a little 
free sulphur. In this way the antimony is dissolved 
whilst most of the arsenic remains unattacked. 

The unaltered slimes are allowed to settle and the 
supernatant liquid passed hot through a canvas filter 
into tanks where it is subjected to electrolysis. 

For this purpose, to cells in two rows are arranged in 
terraces to allow' of fairly rapid circulation of the 
electrolyte. 

The tanks which are about 4 feet deep and 23 inches 
wide each contain 19 cathodes of sheet iron and 18 lead 
anodes in the form of thin sheets. These are about 
3 ft. 6 in. deep and placed an inch apart. The E.M.F. 
used is about i volt p(:r cell and the current density about 
6 amps, per square foot. The bath is kept at about 6o°C. 
of gas. Antimony is deposited to a thickness of about 
I inch and the sodium sulphide is partially converted 
into the sulphate, while the .Antimony content falls from 
about I'5 to '5 per cent. 

The deposited metal is removed from the iron 
cathodes, and, after melting under a flux of antimony 
oxide and sulphide, gives bars of pure metal which 
solidify with a crystalline surface of star configuration, 
which is an indication of their high purity. 

The slimes, after extraction with the sodium sulphide 
solution, are next roasted and the lead is slagged off. The 
silver and copper are then dissolved out by sulphuric 
acid which is heated with steam and well exposed to air. 
Silver is remored front this solution by immersing 
copper plates, which after the lapse ot'-a few days brings 
out all the silver as a slime which sinks to the bdttom.. 
Copper sulphate is then i-ecovercd from this Solution jyc 
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crystallisation. Further treatment of the residue with 
sulphuric acid leaves behind the contained gold. 

The refined lead is go'9^9% pure. Some is used for 
the manufacture of lead pipes (} in.—3 in. diam.) a process 
which is conducted in the Refinery at Trail by means of 
a hydraulic press. The remainder of the lead is cast 
into bars and transported. 

Advantages of the Betts Process. 

The chief advantage over the Parkes process is that 
the electrolytic method does away with the use of zinc 
and also saves a considerable amounf of fuel. Further¬ 
more in fire refining, there is a loss of silver amounting, 
it is said, to about i|%, which is to a large extent 
avoided in the Betts process. Electrolytic lead is more¬ 
over entirely free from bismuth, thus enhancing its value 
considerably, and is moreover of special value for the 
manufacture of white lead, as the absence of antimony 
increases its facility of corrosion. The process also 
offers advantages from the hygienic standpoint as it is 
only during the melting and casting of the lead that any 
danger of lead poisoning is incurred by the workmen. 

With regard to the economy of the process, the power 
at Trail is taken from current supplied by the Benning¬ 
ton Falls Power Co. at a cost of about 15s. per H.P. 
year. One ton of lead requires 260,000 amps, hours at 
an average of 35 volts, which amounts to 106 electrical 
H.P. hours. Allowing to per cent, loss of efficiency in 
the tanks and about 8 per cent, loss in the transformer, 
this makes 120 H.P, hours, which works out to a cost of 
IS. 4d. for power per ton of lead refined, the cost of 
I H.P. year being taken as £5. 

The succes.sful undertaking 6f this pi»)cess is obviously 
not at aU a questftm of the availability of cheap power, 
as wfth coal at £1. 5s. a ton, the co.st for power would 
oBtf amouflt to more than 2s. 6^. per ton of lead refined. 
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This fuel consumption is far below that needed in fire 
refining, and the labour involved, including that 
demanded by the treatment of the slimes, is no greater 
than in any of the older methods. 

The Betts refining plant at Grasselli, Ind., belongs to 
the U.S. Smelting and Refining Co., and is somewhat 
similar to that at Trail. No smelting is carried on but 
lead bullion containing lo—20 ozs. of silver is imported. 
The power is generated from steam, an engine of 100 
H.P. being used for the pumps and another of 300 H.P. 
for the electrolysis. 

The power expenditure for the output of lead, and 
also the number of tanks appear to be greater than at 
Trail. 



CHAPTER V. 


ELECTRIC SMELTING OF IRON ORES AND 
STEEL PRODUCTION. 

The electric smelting of iron ore and manufacture of 
steel is a subject which at the present time is attracting 
much attention, and it is particularly in this field that 
the application of electrical methods of heating promises 
extensive developments. Two distinct lines of progress 
are observed. Firstly the refining of steel obtained by 
one or other of the ordinary methixls of manufacture, 
and secondly, the direct reduction of iron ore in electric 
furnaces, a development resulting from the great success 
which has attended the use of electrical methods for the 
manufacture of ferro-alloys. 

In the case of steel production, regular commercial 
manufacture has been carried out during the last few 
years in several distinct localities, although relatively 
on a small scale, and here the possibilities of develop¬ 
ment are apparently in a large measure independent of 
the source of power, since steam, gas and water driven 
plants are all in use. Commencing with the task of 
producing a material of a crucible steel grade at a 
marked reduction .in the cost of manufacture, .some of 
the processes are already extending in directions where 
the possibilities should offer them a much wider field of 
usefulness. Despite the scepticism ak first met with on 
the paij of the sl^el manufacturers the processes are now 
being taken up seriously by many steel works on the 
JpontineRt and in America. 
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For the production of iron the case is entirely different; 
' here the prospect of supplementing the blast furnace is, 
to say the least, very remote in countries where coal is 
• even moderately easily available. But it must not be 
forgotten that there are important countries in which this 
condition does not hold, and notably in Canada, where 
very cheap water power is abundant, there seems a 
practical possibility of employing electrical methods of 
heating. The Canadian Government has fully recognised 
these chances and has subsidised attempts to seriously 
test the commercial feasibility of electrical iron ore 
reduction. . ^ 

Briefly stated, the advantages upon which the 
electrical methods primarily rely are, firstly, the replace¬ 
ment of a large proportion of the coke in the blast 
furnace process by heat generated from electric energy, 
and secondly, in the possibility, in furnaces of relatively 
simple construction, of attaining higher thermal efficien¬ 
cies than can be attained without the use of very costly 
auxiliary plant. 

It is well known that the heat efficiency from fuel is as 
low as 2 —3 % in the case of direct heating in forge 
furnaces, and is from 5 to 10% in apparatus where the 
heating is effected through refractory walls, as in crucible 
furnaces, and is from to—20% in cupola furnaces of 
medium height, while maxima of 30, 50, and 70 % are 
attained in blast furnaces and those of very large dimen¬ 
sions. This low efficiency is due In a large degree to 
the fact that the products of combustion are greatly 
diluted with the nitrogen of the air which absorbs large 
quantities of the heat liberated by the combustion, thus 
lowering the effective temperature. Furnaces of large 
dimensions are thus necessitated and consequently the 
heat losses through radiation from tfle walls, .and by 
convection are greatly increased. It is obvious hov?the 
utilisation of heat developed by the transformation 
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electrical energy into thermal energy reduces all these 
sources of loss. 

In considering fuel heating, it must also be remem¬ 
bered that fh many metallurgical operations it is neces¬ 
sary to employ fuels, such as coke, which have been 
treated and hence are more expensive than the original 
coal. Furthermore, in most cases carbon is not only a 
source of heat, but also directly or indirectly a reducing 
agent, and it is not possible to determine exactly the 
quantity of carbon strictly necessary to furnish heat for 
the reduction of the ore and that which plays the role of 
reducing material, hence an excess of carbon is always 
added, which in part, is absorbed by the metal it reduces, 
while the other part causes reduction of other bodies 
accompanying the mineral. Thus a metal is olitained 
more or less rich in carbon and containing other metals 
and metalloids resulting from the reduction of impuri¬ 
ties. Impurities are also introduced by the fuel and 
even from the air nece.s.sary to cau.se the combustion, 
and these have a harmful effect on the success of the 
operation. 

The Blast Furnace, though it has been brought to 
such a state of perfection through many years of 
development, still po.sses.ses many disadvantages such 
as result from the employment of large units, viz., the 
large first cost, large expenses through breakdowns and 
the difficulty of repairing, also the difficulty in correcting 
wrong composition of charges. Further, the nitrogen 
which is present in the blast of these furnaces has a 

deleterious effect, imparting brittleness to the iron. 

• 

Comparing the relative economies of the Blast 
Furnace and the Electric Furnace, according to the 
.report of the Canadian Commission# when electrical 
ener^ So.sts £2 ^ H.P. year and coke £t. Ss. a ton, 
the oost of production of cast iron will be tbe same in 
tbe blast furnace as in the electric furnace. 
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Hiroult Steel Process.* 

The electric furnace method of preparing steel devised 
by Dr. P. L. T. Hiroult, was brought into operation at 
the Soci^t^ Electrometallurgie Fran^aise deJFroges, and 
since 1902 a series of carbon steels of the best quality 
have here been manufactured. 

Other installations of the Hiroult process in operation 
are as tabulated below:— 


CujMicity of Approx. 
Furnace. Daily 


Place 

tuns 

output 

La Praz . 

' .3 


Kortfors . 

4 


Syracuse . 

6 

72 

Remscheid. 

2 

3 

„ 

Sault du Tarn ... 

5 


Baird, (’ulifomia 

— 

40 

Austria— 

Tudeulmrg ... 

3 


Kapfenlwrg ... 

.3 

— 

Switzerland— 
Schatf hausen... 

i 

_ 


Power I’ower Expended 
Kw. per ton 

300 600—1000 K.W.H. 

Starting with cold raw 
materials. 

450 

.^jOO 

300 180—360 K.W.H. 

— when the hret part of 
treatment is effected in 
gas-fire furnaces. 


In the Hi^roult furnace the heat is produced in part by 
the formation of an electric arc above the metal, though 
principally by the resistance the slag offers to the 
current. The slag is therefore very hot and active and 
well suited for the purification of impure metal. The 
temperature below the arc is very high and the chemical 
action of purification increases in proportion to the higher 

V 

*R. S. Hutton. “The Electric Furnace and iU application^to tito . 
Metallurgy of Iron and Steel.’* Engineering (Dec. 7th, 1906), VOL 
Uxxii, p. 779. 
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temperature. The heat in the furnace can be regulated 
at will, but is usually no higher than in the Martin 
Furnace. The action of the arc creates a very rapid 
circulation in the bath and slag, the purification is in 
consequence very quick and energetic, and a steel con¬ 
taining less than o'oi % phosphorus can be produced 
regularly from the cheapest and most impure raw 
material. The elimination of the sulphur does not take 
place at this stage, but is brought about by employing an 
extremely basic slag. The sulphur contents can, in all 
cases, be brought down to below 015%. 

In practice, the slags are found Jo contain calcium 
carbide which is an indication of the absence of any 
oxidation. On adding manganese ore, the whole of the 
manganese for this reason is taken up by the metal 
without any loss ensuing through oxidation. 

At present the most successful development of these 
methods is at large steel works, where electric furnace 
processes are used in conjunction with the older 
methods, and electrical heating is used to supplement 
ordinary furnace heating. In these so-called “ Mixed 
Processes ’’ the iron first receives a preliminary treat¬ 
ment in the open hearth furnace and from here is poured 
in the molten condition into a Ileroult Furnace to be 
there subjected to a further and more complete purifi¬ 
cation. « 

This method of treatment is especially advantageous 
for the preparation of alloy steels, as, by avoiding 
oxidation a large saving in the amount of ferro-alloys to 
be added results. 

In the case of those steels a more homogenous product 
is said to result from the use of this final electrical heat 
treatment than with the older methods. 

The German works at Remscheid, Germany, operate 
the H^rpult furntfte in combination with the Basic Open 
Health Furnace. Only common pig and scrap is used 
and depHbsphorised in the Basic furnace, the hot metal 
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being transferred to tfie electric furnace for refining. 
The time necessary to eliminate sulphur, deoxidise, 
carburize and to add any metal alloys if required, does 
not exceed two hours. By this means the best grades 
of tool steel and any special steels of high quality can be 
produced economically. 

The Heroult Process in America. 

A Heroult furnace has been erected at the works of 
the Halcombe Steel ('o. at Syracuse, N.Y. This is a 
six ton furnace treating a molten charge in two hours. 
The process has ceased operations temporarily on 
account of some litigation. A plant for the electric 
smelting of iron ores by the Hi‘roult process has been 
erected at Baird, Shasta County, California, near exten¬ 
sive magnetite deposits and water power. This plant is 
being worked by the Northern California Power Co. 
Mr. H. H. Noble, in conjunction with the Shasta Iron 
Co. is taking an interest in the work. This plant was 
started in 1906. and has been of the capacity of 40 tons 
of pig iron daily. It is now being contemplated to 
enlarge to 600 tons daily capacity. 

The magnetite ores of Shasta County contain 68—70% 
iron with little impurity, and are found in conjunction 
with limestone, which can be used for smelting purposes. 
Charcoal is used as a reducing agent. Electric energy 
is obtained from the Northern California Power Co. at 
the rate of S12 per H.P. year, and in the form of three 
phase current at 60 cycles and 22,000 volts pressure. 

The furnace is elliptical in form aed has three vertical 
carbon electrodes and a neutral electrode formed by the 
bottom of the furnace. It is estimated that the ore can 
be converted into pig iron and the latter delivered in 
San Francisco at a cost of from $15—$18 per ton, 
whereas imported pig iron is now selling in that city for 
$30 —$35 per ton- 
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Th* Hiroult Process in Canada.* 

In December, 1903, a Commission, appointed by the 
Canadian Government, proceeded to Europe to investi¬ 
gate the different electrothermic processes for the 
smelting of iron ores and the making of steel in Europe. 
Experiments were conducted and witnessed by the 
Commission at La Praz, the works of Dr. P. Hiroult, 
and at the works of Keller, Leleux and Co. at Livet in 
France. 

The trials undertaken at the latter works consisted in 
the reduction of hematite, which had a very low sulphur 
content. The results showed that a satisfactory yield of 
iron could be produced with a mean power expenditure 
of '35 E.H.P. year per ton of metal. To satisfy the 
special Canadian requirements, it still remained to be 
ascertained (1) If magnetite, the chief Canadian ore, and 
iron ores with high sulphur content, could he success¬ 
fully and economically treated by the electro-thermic 
process, and if charcoal or peat coke, which constitute 
Canadian products, could be substituted for ordinary 
coke in the smelting process. .An experimental investi¬ 
gation of this subject was, at the beginning of 1907, 
authorized by the Government, and a sum of .^’3,000 
granted for the purpose. 

The work was carried on at Sault Ste Marie, Ont., at 
the works of the Lake Superior Power Co., and with 
their co-operation. Sault Ste Marie, through its position 
on Lake Superior, is, as already described, specially 
accessible to the iron ore deposit of that district, and 
should prove a very important centre for future electric 
smelting industries! 

The furnace used in the.se trials consisted of an iron 
casing, lined with carbon paste, the bottom being 
connected with <^e pole. The electrodes used were 

on the Experiments made at Sault Ste Marie, Ontario, under 
Qeyemment auspices, in the smelting of Canadian iron ores by the 
Blaciro-therftiic process.” Dr. Eugene^Haanel, Ottawa, 1907. 
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imported from Sweden, being manufactured by the 
H^roult process, and of dimensions i6in.xi6in.x6ft. 
long. The electrode, with its holder, was supported 
by a chain passing over a pulley and operated 
by a worm wheel. Means were adopted to utilise 
the calorific power of the carbon monoxide developed 
through the reduction of the ore. For this purpose, an 
air pipe, provided with holes, was inserted two feet below 
the top of the furnace, by means of which air for the 
combustion of the carbon monoxide could be passed in. 
It was afterwards found however, that the heat developed 
by this means was ,so great that the charge in the upper 
part of the furnace became fused and would not descend 
into the crucible; also rapid consumption of the 
electrode resulted. 

The furnace charge was made up of ore crushed into 
small pieces and mixed with limestone and carbon. The 
carbon u.sed was in the form of briquettes, consisting of 
a mixture of 8o % coke dust and 20% fire clay. 

Careful electrical measurements were made of the 
volts, amperes, and the power factor. In a typical 
experiment, the following results were obtained. 

Composition of Charge. 

Ore . 200 lbs. 

Coke . 60 lbs. 

Lime.stone . 30 lbs. 

Length of run.'i hour 40 mins. 

Mean volts, 36 5. Mean amps., 4,500. E.H.P., 2,023 

Pig iron produced, 264 lbs. 

El. horse power year per ton of pigi 0 292. 

In sub.seqncnt experiment.s, the carbon lining on the 
sides of the furnace was replaced by one of magnesite 
fire bricks, in ordir to cau.'te the currer^t to pass through 
the body of the charge. > 

Ores of high sulphur content could be successfully 
treated by increasing the .-.inount of lime in the charge. 
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Smelting of Magnetite. 

It was expected that some difficulty would be encoun¬ 
tered in the smelting of magnetite on account of its 
conductivity preventing concentration of heat. In 
presence of charcoal however, this difficulty was not 
experienced nor was the inductance of the furnace 
increased by the presence of magnetite. The use of 
charcoal as a reducing agent was found to answer admir¬ 
ably, though this was of very poor quality. The 
charcoal was crushed and added to the charge in lumps 
not greater than f in. diameter. With regard to the yield 
of these experiments, under normal conditions about 
It'S tons of pig iron were produced by an expenditure 
of 1,000 electrical horse power days. With a properly 
constructed plant on a larger scale this should reach 
12 tons. 

Cost of production of Pig Iron per ton according to 
estimate of H^roult:— 


Ore at $1.50 per ton. $2.70 

Charcoal, J ton, at $6.00. 3.00 

Electric energy, amortization, etc. 2.43 

Labour . i .00 

Limestone .•. 0.20 

18 lbs. electrode at 2 cents lb. 0.36 

General expenses ..*. i.oo 


$10.69 


Production of Ferro-Nickel Pig. 

At the terminatiM of the above experjpents, the Lake 
Superior Corporatffin purchased the Government plant, 
and Sav? since been employing it for the production of 
ferro-nickd pig. Roasted pyrrhotite is taken for this 
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purpose (of about 2% sfilphur content) and the following 
charge used:— * 

Roasted pyrrhotite (2% sulphur) 2 tons. 

Limestone . ,,500 lbs. 

Charcoal. j^200 lbs. 

Electrodes . 40 lbs. 

The resulting ferro-nickel pig has the composition o( 
about 27% silicon, 001% sulphur, 003% phosphorous, 
4% nickel, and '8% copper. 

The first electric smelting plant in Canada for the 
production of pig iron and of high grade steel is at 
present under construction and located at Welland, Ont., 
on ground facing the Welland canal. This was first 
erected by H^roult as a demonstration plant, but 
has now been taken over by a company who have 
capitalised it to the e.xtent of $1,500,000. 

The first installation will consist of one 3,000 H.P. 
furnace, which is expected to produce 35^40 tons of pig 
iron per day. The power will be furnished by the 
Ontario Power Co. of Niagara Falls. Negotiations are 
said to be now on fcKit for the development of a large 
water power at the Chats Falls, the cost of which is 
estimated will be as low as j^i per H.P. year (p, 43). 

The Induction Furnace* 

In furnaces of jhis type, the u.se of electrodes for intro¬ 
ducing the current into the bath of steel has been 
eliminated entirely, and the advantages claimed are that 
the objectionable tendency for the introduction of car¬ 
bonic oxide and impurities from the electrodes has been 
obviated. The general principle on which these furnaces 

*R. S. Hutton, ( 1 W 6 ). vul. Iwx^ p. 779 . 

*SUrtrochfm. 2nd, (1908), vol. i. p. 576; (1907). vol. v, p. 173, 
ElektrotecKnurht Zeitsckrift, 1907, vol. xxviii pp. 1051 *1004'' llOS 
1124. . » » 
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work is the arrangement of the bath of molten metal in 
an annular ringcrucible employing this as the secondary 
circuit of an induced current. A quadrangular iron core 
formed of thin insulated sheets of soft iron, is placed in 
the centre of the circle and connected around the outside 
of the crucible. Insulated copper wire or a water cooled 
copper tube is wrapped around the arm of the core inside 
the circle and serves as the primary coil for the alternat¬ 
ing current. The current, when passing through this 
coil, excites a magnetic flux in the core and this flux 
induces an alternating electric current in the contents of 
the furnace chamber. The arrangement is conse(|uently 
that of a .step down transformer having a large number 
of primary turns and a single .secondary turn, the 
secondary turn consisting of the .steel in the furnace. 
The current in the sterd is thus about equal to that in the 
primary circuit multiplied by the number of turns of 
wire in the primary coil, and the voltage is of course 
reduced in the same ratio as the number of amperes are 
increased. 

The advantages that this process possesstss is the 
saving of cost of carbon electrodes, which undergo con¬ 
siderable consumption when employed for introducing 
current. A uniform heating is effected, and the tem¬ 
perature can be easily controlled and raised to any 
degree, ga.ses are completely eliminated, and by treat¬ 
ment with a suitable slag, all impurities removed. This 
furnace is very convenient for the introduction of the 
current, enabling the application of a high tension 
current without the usrt of transformers or copper cables 
of large crotss seefions. A saving is also affected 
through the avoiding of losses which follow the u.se of 
large alternating currents, when applied dirextiy to 
resistance heating, X' account of induefton and through 
a "skin”.effect at the surface of the ehx trodes. Another 
advantage of the induction furnace is that fluctuations 
in the current do not occur as with other tvpt'S., 

. • 

9 
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The various uses to which induction furnaces have 
been applied may be classified as follows:— 

(1) Steel preparation from cold cast iron and ore, the 

latter being added in the quantity required to 

oxidise the carbon. 

(2) Steel preparations from molten cast iron direct 

from the blast furnace and iron ore. 

(3) Steel preparation from cold cast iron and scrap 

steel. 

(4) The above mixture, obtaining the molten cast iron 

direct from the Blast furnace. 

(5) Final refilling of steel after treatment in a conver¬ 

ter or in a .Siemens Martin furnace. 

The first attempt to apply the induction furnace in 
industry was nuide by h'erranli in 1887, but on account 
of the difficulties of obttiining the necessary electric 
power, this scheme received no practical application. 

In i8(jo, C'olby took out a patent in .America for an 
induction furnace, and in iScjo, Kjellin erected the first 
furn.'Ke of this type for the prepar.ation of steel at 
Gysinge, which next year attained technical importance. 
The lir.st furnace had a cap.icity of 78 kilowatts, but was 
not satisf.actory from a commercial standpoint on account 
of the cooling surface of the walls being too great in 
comparison to the contents of the furnace, and the cost 
of repairs being too high. 

.A second and larger plant w.as started in 1901, use 
being made of akvater power, and since then the process 
has worked extremely well. This furnace contains two 
tons of steel, half of which is drawn off at a time, the 
remainder being left to keep the current flowing. The 
output is four tons of steel ingots in 24 hours when 
charged with cold materials, and the power expenditure 
225 electrical H. 4 ’. * \ 

Current is generated at 3,000 volts and is trajisformed 
by means of the primary coil and iron core of the fuHiace 
into a furrent of about; 30,000 amps, which passes 
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through the steel of the secondary circuit. The furnace 
is charged with a mixture of pig iron, wrought iron, and 
steel scrap in such propirrtions as to give the necessary 
percentage of carbon, and, after heating to a proper 
degree, the metal is drawn off by lapping through a hole 
in the wall of the furnace. The product is of a very good 
quality and is considered to contain less deleterious 
matter than other steel. 

Many modifications of the Kjellin furnace have been 
devised in order to cause belter circulalion of the bath 
and more intiniale contact between the metal and slag. 
In these, a portion of the metal circuit is usually nar¬ 
rowed, or the current caused to pass through a layer of 
slag in scries with th<- metal. 

In 1904, a company was formed in .Stockholm to 
negotiate the Kjellin patents, and this process was soon 
adopted at the leading steel works in Europe, 

The furnaces at present in operation are tabulated 


below - 

I'hKV. 

on 

KnniJifc 

( n|iiicily of 

Germany 

Volklingun 

K.W. 

75<' 

Kis'- 

8,500 

.» 

1 ♦ 


5. (MM) 


M 

<jO 

700 

.. 

Essen 

750 

S, 5 (K) 

.. 

(Ileiwitz 

'7a 

I,5(M) 

Luxemberg 

Dommeldin 

00 

7(M) 

Austria 

Kladno 

440, 

4,(M)0 

,, 

Vhicklabruck 

f>.s 

400 

Switzerland 

(ilirtnellen 

• vio 

5 ,Soo 

Spain 

■Vayo 

21,s 

i,Soo 

England 

•Sheffield 

' 7 .S 

1,100 


London 

6n 

100 

Sweden 

^'singe . 

' 7 a, 

i,50f) 


viuldsmedhutie 

7 .V> 

8,500 

Unitttl States 

Philadelphia 

6n 

too 

Canada 

Niagara Falls 

'50 

800 

" • 

M 

60 

too 
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The power consumption in these furnaces varies very 
largely with the size of the unit and the nature of the 
charge. Thus starting from cold cast iron and scrap 
steel, a lo K.W. unit will require 2,000 K.W. hours per 
ton of steel, whereas with a 750 K.W. unit this is 
reduced to 600 K.W. hours. Taking the metal in the 
molten state to begin with, from 150—200 K.W. hours 
suffice for the treatment in a furnace of the latter size. 

Philadelphia* 

An electric steel .furnace of the Kjellin type and known 
as the Colby furnace has been installed by C. J. Russell 
at the Central Power Station of the Philadelphia Electric 
Co. and has been in operation since 1906, being run as a 
station load equaliser. This has a rapacity of 200 H.P. 
and current is supplied at 240 volts, single phase, 60 
cycle. The primary winding of the furnace consists of 
20 turns of copper tube, cooled by internal water circula¬ 
tion and insulated by sectional layers of heat insulating 
materials. 

The secondary current is, at a maximum, 15,000 amps, 
at 8'6 volts. The current consumption needed to melt 
the charge averages about 28 K.W hours and a total of 
36 K.W. hours (47 H.P. hours) per too pounds of steel 
is required. Scrap steel and cast iron are treated in this 
furnace. The duration of each treatment is about one 
hour. This process has been very satisfactory, and it is 
now proposed to instal a 5 ton furnace, working at 1,000 
H.P. 

The first cost of electric furnaces fike the above is said 
to be only from 20—25% of that of gas furnaces of 
similar capacity, the cost of repairsJs much less, and the 
expenditure for'^crucibles .said to amount to only 4s. to 
“s. as against £2—£,^ in the gas p.ocesses. , 

* Electrjeal Age (1906), vol. yrxvu, p. 353. 
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Stassano Steel Furnace.* 

Major E.Stassano, of Turin began, in i8i>8, a study of 
the question of the clectro-therniie reduction of minerals 
and particularly of iron ore, and has now devised and 
erected an electric steel process at Turin in the Artillery 
Construction Works on behalf of the Italian War Office. 
The furnace is principally used for the refining of pig 
iron and smelting of scrap. Three furnaces of 1,000 
H.P., 200 11 .P., and too H.P. capacity respectively 
have now been erected. 

The Sta.ssano furnace is of cylindrical shape, and is 
cau.sed to rotate during the treatment. Heating is 
effected by a set of three arcs arr.inged in the space above 
the furnace charge. The electrodes are admitted through 
double walled cylinders, issuing at a slight upward angle 
from the furn.ncc and fixed by supports. The.se cylinders 
contain, support, and guide the carbon electrodes. The 
carbons are connected bv metallic strips to flexible cables 
which are attached to the collector of the current placed 
in the lower part of the furnace ca;e. Between the 
double walls of the cylinder water is circulated to keep 
the contents cool. A three phase current is used and the 
carbon electrodes are fed in by a hydraulic appliance. 
The arc does not come into cont<act with the iron or .slag, 
and the consumption of the ehx'trodes per ton of steel is 
said to bei only 5 kilos, while in the IJeroult furnace it 
rises to 18 kilos. The consumption of electric energy 
varies from t'l to i',i K.WT hours per kilo of steel pro¬ 
duced. The rotatipn of the furn.ice enables the .slag to 
be expelled, without stopping the current, by opening 
the tap hole when this is at at the lowe.st point. A 
thorough mixing ^the charge is al.sojirought about by 
the rotation. 

*/oum. of Faraday Sar.^ 1906, vol. li, p. I.S0. liryort to Sth Inter- 
notional Conyreee of Chrmiriry at Fomr, 1906, vol. it, p, 362. 



8 o IRON AND STEEL PRODUCTION 


• 

The furnace charge is usually made up as follows 

(1) 200 kilos of pig iron turnings mixed with sufficient 

ore to supply the oxygen necessary for removing 
the impurities of the pig iron, and with the 
required proportion of lime for the slag. 

(2) 200—300 kilos of iron and steel turnings. 

(3) 200—100 kilos of iron and steel scrap. 

(4) Ferro-silicon and ferro-mangane.se in the ordinary 

proportion, to deoxidise the charge and to intro¬ 
duce the required amount of manganese. 

The product ordinarily made is steel to be used for 
artillery projectiles. It is also being endeavoured to 
apply the steel to the construction of miscellaneous 
articles which need material of special quality, hence a 
large variety of casting work is carried on at the works 
at Turin. 

Current is supplied from a Power Company at Turin, 
being generated from water power. The cost of this is 
about 45 frs. per II.P. year. 



CHAPTER VI. 


OZONE AND WATER PURIFICATION. 

The applic.'ilion of ozone to llie piiriruation tint! sterili¬ 
sation of water promises to he of the utmost value in 
dealing with eertain l■.■l.ses of eontamintited water supplies 
and as a means of preventing infection in l(H'aliti(‘s where 
plagues and epidemics are prevalent. Repeated experi¬ 
ments have rendered it certain that ozone has very 
powerful hactericide properties, and that water contain¬ 
ing germs need onlv he exposed for a very brief interval 
to the action of this gas in order to destroy all the less 
hardy bacteria or render them incapable of further 
development. It appears indeed that ozone acts in a 
selective way and that the more virulent germs, those of 
cholera and typhus bacilli are the first to he destroyed 
and none hut the harmless specie's are left. 

Water passing through a common sand filter will be 
deprived of a very large proportion of the micro- 
organi.sms it may happen to contain before filtration, but 
even the best filter beds fail to keep ^ack these germs 
entirely. 

With regard to the economy of the pr<«-ess, it has been 
demonstrated tha> the use of ozone compares most 
favourably in point of cheapne.ss and elficiency with all 
other pr(xcs.ses as a means of sterilising water. More¬ 
over, this gas wflich consi.sts solelji of oxygen in a 
cond^'ed form hjs no injurious after effects, .since, on 
standing, it changes completely into oxygen, which 
imparts Treshness to the wajer. 
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Ozone is best formed by exposing air to the action of 
the silent electric discharge, which takes place between 
two adjacent bodies when charged electrically to a high 
potential. The formation of sparks is prevented by 
introducing some form of resistance in the circuit. The 
air must be kept as cool as possible during the period of 
formation. 

Three leading processes, which will be briefly sketched 
here, are those of Siemens and Halske, Vosmaer, and the 
Tindal and de Vrise. All of these are now in successful 
industrial operation. 

Siemens and Halske.* 

The system of treatment adopt(“d by Siemens and 
Halske is carried out at Martinikenfelde, near Berlin, 
at Wiesbaden, and at Paderborn. The plant at the 
latter place was installed about and since then has 
treated the whole town supply of water to the amount of 
about 25,000 gallons per hour. The water is, in all cases, 
passed downwards through towers 16 feet in height and 
3 feet in diameter which are filled with broken stone or 
coarse gravel, w hile the ozonised air travels upwards and 
encounters the water trickling through the mass. The 
undecomposed ozone escapes at the summit of the tower 
and is conducted into a dryer, and, after further concen¬ 
tration, it is .again introduced into the towers. 

.‘\t the Wieshaden-Schierstein works, 125 cubic metres 
of water are sterilised per hour. The engines are of 50 
H.P. The ozoniser is constructed after the type of the 
Siemen's tube apparatus, in which the discharge space 
is formed by placing two cylinders concentrically one in 
the other—an outer glass cylinder serving as one, and an 
inner metal cylinder as the other ptde. The apparatus 
consists of a casf iron case with three parts: a space 
underneath for the reception of the I ir and its tlUtnibu- 

* Times Erijjaneering Suppleiinnt, Sept 19th, 1906, p. 299),' 
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tion through the two contained ozonising tubes, a space 
above for the collection of the ozonised air and a middle 
compartment enclosed on all sides with the ozone tube 
passing through. Water circulates through the middle 
compartment and also inside the inner tube for the pur¬ 
pose of cooling. This inner tube is connected with the 
high tension current, of about 8,000 volts, and is care¬ 
fully insulated. The outside case is connected to earth 
thus enabling the apparatus to be touched without 
danger Each cell is provided with a window at the side 
so that when viewed in a well darkened nxmi the blue 
light of the silent discharge, which is an indication of 
good working order, can be observed. 

Each unit is of rectangular form, requires I H.P., and 
yields from I3'5—27 gms. ozone per hour, according to 
the dryness of the air and the rate of flow. In case of 
interruption of the current or of the air supply, as is, for 
instance, brought about by fracture of the glass cylinder, 
an automatic device stops the flow of water in the tower 
and indicates the faulty cell. 

Vosmaer Process. 

An experimental plant using this process was worked 
for some time at Nieuwersluis on the river Vecht, near 
Amsterdam. The rapacity of the plant was 2 K.W. 
and purified ,3tx) gallons per hour. This process has now 
been installed at Philadelphia by the “.Water Improve¬ 
ment Co.” and brought to a higher state of efficiency. 
It is expected that it will be adopted by the City for the 
purification of 345,poo,ooo gallons daily; the estimated 
cost of the installation being $700,000. 

Ozone purificatit^ should pnne of great value in 
Philadelphia on account of the typhoid epidemics which 
are at present so prevalent on account of the bad condi¬ 
tion'oT the water. The advantage which the Vosmaer 
system claims over the Siemens and Halske is that there 
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are no solid dielectrics between the dischargers. The 
brush discharge is produced between sharp pointed 
combs and flat electrodes. The voltaic arc and spark 
discharges are prevented by a special system of connec¬ 
tions. By means of a step up transformer a potential of 
5,o(X) volts is obtained. The current pa.sses through a 
high ten.sion choking coil, and is connected with the 
ozonising apparatus after being .shunted by a condenser 
which raises the effective E.M.F. to about 10,000 volts. 
Air is drawn by means of an air pump through an 
ammonia refrigerator and passed on in a dry state to the 
ozoniser. 

The ozonising apparatus consi.sts of a number of light 
copper tubes, each about 3 inches in diameter and 10 
feet in length, the tubes being supported at either end in 
headers (in the manner of an ordinary closed feed water 
heater), the air di.scharge pipe from the drying tank 
connecting with the header at one end of the ozoniser, 
and the air suction pipe to (he air pump with the opposite 
header of the ozoniser. 'I’he pump compresses the air 
to slightly above atmospheric pressure and delivers it in 
the bottom of the stand-pipe distributing itself in minute 
bubbles through the descending water. 

In each tube there is a comph'te set of dischargers, one 
flat, connected with the tube and earthed, and the other 
comb shaped, separated from, the flat one at a fixed 
distance by insulating stems and forks made of 
porcelain. 

The water to be treated is pumped from the river, is 
filtered and distributed to the tops of the sterilising 
towers, flowing down these it meets with a stream 
of ozonised air which goes in at the bottom. The towers 
are about 15 inches in diameter an;J 35 feet high. The 
ozone pa.s.ses in ai the bottom through a perforated plate 
and the water flows out through a p^pe at the si^e. By 
maintaining sufficient pressure of air, the water cannot 
pass through the perfora'ed plate, this principle being 
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the same as that made use of in the Bessemer converter. 
The sterilising tower works continuously and on the 
counter current principle. 

Results of tists made on Vosmaer plant at Phila¬ 
delphia. Average figures for lodaily tests in Dec., 1905. 


Organic Matter 
in Solution. 
Before. After. 
i 4 ’io 7-55 


Quantity of Bacteria 

Water. before 

Gals, per hour. Ozonisation. 
30,,500 19,050 


Bacteria B. Coli Electrical Rate per 
after after Expenditure million gals. 

Ozonisation. Ozonisation. K.W.lIrs. iiiKAV. Urs. 

29 o 57 18K 

A K.W. Hour costs '/s—J cent., so that at the higher 
figure, the expenditure on electiicitv for ozonisation is 
less than an average of one dollar per million gallons 
treattM. 

The cost of the Vosmaer process is calculated to be 
$1.60 for power and about $0.60 for interest and depre¬ 
ciation per million gallons treated. Negotiations are on 
foot for in.stalling this process for the purification of the 
whole city .supply of water at New York, Pittsburg, and 
Niagara Falls, in addition to Philadelphia. 

Reference. —Report of J. J. de Kinder. United Water Improvement 
Co., Philadelphia. 


Tyndall and de I'rise Process. 

This proce.ss is in successful operation at Ginneken, 
near Breda, Holland, and on a larger scale at Paris. It 
was designed as an improvement on the Siemens and 
Halske process in that the use of a glass or .solid 
dielectric is eliminated. Spark and arc di.scharges are 
prevented by the introduction of a higb resistance in the 
circuit. ^For this purpo.se a .series of narrow glass tubes 
abbSt^/feet 6 inchis high are filled with glycerine and 
arranged vertically at intervals of a few cms. The 



86 


WATER PURIFICATION 


current is led in at the top of these by a wire and passes 
through the glycerine on to the electrodes. These con¬ 
sist of semi-circular copper discs arranged side by side 
in a containing horizontal copper tr(fbgh, which is 
earthed and provided with a glass top to insulate from 
the leads, and to enable observation of the discharge. 
The air, after being dried over lime, is passed through 
this tube under reduced pressure. A potential of 50,000 
volts is applied to the apparatus, this being transformed 
from a 220 volt supply. 

The ozonised air is then delivered to the water in the 
sterilising towers. In the small plant at Ginneken, the 
water to be treated is pumped from a stream and after 
careful filtration is circulated through two towers from 
bottom to top, in series, each tower being 26 metres in 
height. The towers are fitted with perforated celluloid dia¬ 
phragms, at intervals of about i metre. By this means 
the gas is divided into small bubbles and intimate con¬ 
tact with the water secured. The output of the plant 
varies from 20 to 40 cubic metres (or 5,400 to 10,800 
gallons) of water per hour, and the power expenditure is 
as below ;— 

Ozonisation takes. 5^ K.W. 

.Mr pumps take. 2—2 5 K.W. 

Water pumps take . 3 K.W. 


Ozone used per cuhie metre of water. 
.'Vmount .Amount used, 

available. ist Ster. 2nd Ster. 

85 '55 


Grams Ozone 
per hour. 

36 


Watts in Watt hours for For air 
Ozoniser. Ozone per AU. compress. 

.5,138 . 271 '' 243 

O * 

Total Watt hours, Gms. Ozone 
Water pumps, per cubic metre, per K.W. hojlf. 
. 32 .793 685 
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Cubic metres ozonised Cubic metres per hour 
air per hour. sterilised aq. 

66'2 19 

• 

Chemical Analyses. 

Amount of alkaline KMnO, decolourised, measured 
in milligrams: — 

Filtered water, (i) i3'9, (2) 8’9. 

Sterilised water (from one tower, (i) io'3, (2) q'S. 

,, ,, afterpassingbothtowers,(i)9'i,(2)8'2. 

Bacteria . I, too—2,240 

Half pure . 130— 200 

Pure . 32— 25 

The object in installing the above plant at Ginneken 
was to provide a supply of pure water to the town. The 
enterprise is a private one, receiving some concessions 
from the towm and is said to be profitable. The water is 
supplied to consumers at a fixed rate. Householders 
pay at the rate of 6d. per cubic metre (220 gallons) and 
cottages are supplied at a fixed charge of 2d. per week. 

I he work adjoins the town power station, and the 
process is run during the period of low demand of power 
for lighting purposes. 


CO.MeUTKI) COST.S ()K OPERATION OK OZONE t’LANT.S. 

EstIniAMd 


ProcesH. 

Tindal and de 
Vriee, Holland 
de Vri«e, Paris 
Siemens and 

HaUke 

Sohierstein 

Paderboni 

Martinekenfleld 

Vosmaer 

PniWelpliia 
Dlmonstfation 
Plant . 


Hourly 
Capacity 
in gslloDR. 

Yield 
of Ozone 
in gallonn 
perEH.l*. 

Klectrical 

expeniliture 

K.W. hnuai^gtiuiateil 
per million^ Capital 
gallons. Coal. 

inllllon galloiifi 
water including 
Intereflt 
on plant and 
depreciation. 

6,0()0 

224, 

r)-2 

1200 

143 

£20,000 

£2/r)/- 

28,00<J 

- 

033 


£5 

27..^^J 

2.20H 

13-27 

— • 

£10,000 

£4/3/- 

£3/l8/- 

i.floo-jd.soo 

11 

606 

- 

12/6-£l/6/- 

^ 30,000 


168 


10/- 
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CHAPTER Vn. 

GOLD AND SILVER REFINING. 

Electrolytic parting and refining of bullion arc carried 
out at the mints at Philadelphia, New York, and Denver, 
and the process is also being installed at San Francisco, 
in addition to being worked at the leading refineries (see 
page 35)- 

The old chemical method of refining, which has now 
been entirely superseded in the States by the electrolytic 
process, consisted in alloying the gold with 2}, times its 
weight of silver, and subjecting the mixture to the action 
of nitric or sulphuric acid. The necessity of u.sing such 
large quantities of silver for the parting incurred a great 
expense in the consumption of acid. Moreover, in the 
United States at the present time, very little silver 
reaches the Mints since most of the silver refining is 
carried to a high degree in private plants; consequently 
for the old parting process it became necessary to make 
special purchases of silver. 

The processes in use at these Mints are briefly as 
follow'S:— 

(i) Electrolytic parting process for gold and silver as 
carried out at New York and Philadelphia. The 
composition of the anodes is generally about 30 per cent, 
gold, 60 per cent, silver, and to per'cent. base metal. 
The electrolyte employed consists of a solution of 
3 per cent, nitric acid and 3 per \.ent. silver nitrate 
to which a little'gelatine is added. A thin silver 
sheet serves as cathode, and receit'es a deptjsif ^f 
silver in the form of fine crystals or r»dules. • A 
current density of 7 amperes per square foot is used. 
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The goi^ remains behind as a hard, black brittle mass, 
keeping the form of the anode; and to ensure this 
condition it is necessary that the gold content of the 
anodes should not be less than 30 per cent. Copper 
and other impurities pass into the electrolyte. A little 
silver still remains with the gold at the end of the electro¬ 
lysis, and is removed by treating the residue with boiling 
sulphuric acid, or else the gold, which assays 98 per 
cent., is melted together with a baser alloy to bring the 
percentage of gold down to 94 per cent., atid then is cast 
into anodes forthegold refining process described below. 

A parting process devised by iMivbius and Nobel is 
worked at Monterey in Mexico.* The dorc metal in this 
case varies in gold content from 2 to 60 per cent., and the 
amount of ba.se metal from'8 to 15 percent. The electro¬ 
lysis is conductedin longshallowtanks,andanelectrolyte 
used which contains 2 to 5 per cent, silver, i to 2 per cent, 
copper, 2 to f5 per cent, lead, and '2 to i per cent, free 
nitric acid. The cathode consists of an endless silver belt 
which travels horizontally through the bath and on 
which the silver is depo.sited in the form of loo.se crystals. 
On emerging from the bath these crystals are brushed 
off and collected in a rttceptacle. There is no anode 
scrap, as the anode dissolves completely, except the gold. 
The output of this plant is 32,150 ounces per 24 hours. 

Another method of parting bullion electrolylically has 
been devised by W. Thum, and is in use at the Balbach 
refinery at Chrome, N.J. The dore bafs ant contained 
in a cloth case which is supported on a wooden frame 
suspended in the electrolyte. Electrical connection is 
made by a silver con*tact piece which rests on the bullion. 

The cathode consists of graphite slabs placed on the 
bottom of the tank. '%ach tank has a cathode surface 
of 8 square feet and a current density of^o to 25 amperes 

or Bette. Lead Fefinif/ff hy Eltctrolym, p. 149 . 
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per square foot is used. The voltage averages 3'S per 
tank. Silver is deposited in a spongy form, while the 
gold remains behind as a slime in the wooden frame. 

The advantage of the electrolytic parting of bullion 
is that the silver is freed from gold and tellurium in one 
operation, enabling the deposited silver to be melted and 
poured into bars without any further refining as in the 
sulphuric acid process. The silver placed in the tanks 
as anode is refined without any handling, whereas in the 
acid method, the silver must be submitted to several 
operations before it is in a condition to be melted. 
Hence an electrolytic parting plant can be worked with 
much more neatness and cleanliness than is possible with 
acid parting. 

{2) Gold refining process. The electrolytic process 
now in use was devised about 1878 by Dr. Emil Wohlwill 
and is still worked under his direction at the Deutsche 
Affinerie at Hamburg; it was introduced into the United 
States by Dr. D. K. Tuttle, of the Philadelphia Mint, 
and with certain modifications, which he has found 
advantageous, is now worked in that country on a 
relatively large scale. 

The chief disadvantage of the electrolytic process lay 
in the slowness of the process in comparison with the 
acid parting methods, by the latter it is possible to 
obtain from bullion the whol(; content of gold in the 
refined state within 24 hours. 

By working •"iith a higher current density Dr. Tuttle 
has been able to increase the speed of the electrolytic 
process so that, at the present time, it is possible to 
obtain from 80 to 90 per cent, of the gold in the refined 
form within 24 hours. 

An electrolyte of chloride of g\jld and hydrochloric 
acid solution is wken and the bath maintained at 50°— 
55°C. By keeping sufficient acid in the batlj and the 
correct temperature no evolution of t'hlorine occiTrs aRne 
anode. ^ A current density of about 10 ampules per sq. 
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decimeter and a potential difference of o’8 per volt per 
cell is employed. 

Pure gold is deposited on the cathode, copper and 
platinum pass into solution and silver, iridium and 
osmium-iridium, if present, remain on the anode or fall 
to the bottom of the vat as anode slime. The recovery 
of platinum, though only present in small quantities, is 
thus made quite easy, as it accumulates in the electrolyte 
and, when sufficiently concentrated, can be precipitated 
with potassium chloride. 

The anodes are, in the latest arrangement, suspended 
in the bath by platinum hooks, thjjs completely sub- 
merging the gold. 

The cells are arranged in sets of six, which are 
electrically in series; each cell containing four anodes 
and the same number of cathodes in parallel arrangement 
and placed longtitudinally. The leads consist of gold 
wires, the same wire which is connected to the cathode in 
one cell is continued and arts as positive lead to the next 
cell. In this way all soldered joints are avoided. The 
same electrolyte can be made to serve for about two 
months by replenishing from time to time with concen¬ 
trated chloride of gold. 

A little gelatine is added to the electrolyte to cause 
smoothness of deposit. 

The total capacity o^ the gold refining plant at 
Philadelphia is 48,000 oz. a week and a current of 
1,500 amperes at 15 volts is used. A'new cell room 
is now being fitted up as a further extension. 

At New York these processes are worked in a similar 
manner, the output’being 22,000 oz. of gold weekly, and 
the current consumption said to be 150 amps, at 14 volts. 

Rieferencis.— Ehrtrochem. Ind.^ 190a, vol, i. p 157. 

„ 1904, vol. it, p. 221—261. 

,, 1906, vol. iv, p. 306. 
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CHAPTER VIII. 

ELECTRICAL MANUFACTURE OF CARBON 
BISULPHIDE. 

The commercial application of the electric current for 
heating purposes is by no means limited to such high 
temperatures as exceed the range obtainable with 
ordinary fuel combustion. 

Electrical heating has already found successful applica¬ 
tions in carrying out chemical processes which were 
hitherto conducted with the aid of external heat from 
some combustible fuel. The advantages of the electric 
current in this field lie chiefly in the possibilities of 
generating the heat just where it is required and in the 
facility of regulating the temperature. 

The efficiency of fuel heating processes in which the 
heat has usually to penetrate a furnace lining and a 
considerable thickness of material, is in many cases very 
low. In electro-thermal processes, on the other hand, 
heat is generated in the body of the material which is to 
undergo chemical change, being led there without any 
appreciable loss of power, in the form of the electric 
current. Ilenijt',, by suitable outside insulation, the heat 
losses through radiation may, in practice, be reduced to 
a very low value, or the heat may be almost completely 
utilised in raising the temperature of the raw material to 
the degree necessary for the subsequent reaction. Again, 
in chemical processes which ti^e place at a high 
temperature, antj, which absorb a large amount of heat, 
if the heat is provided from a source only sligljtly above 
the critical temperature of reaction, then only’ a sffiall 
proportion of the energy supplied can be utiKsed in the 
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chemical change, whereas, with electric heating, the 
conditions can be made much more favourable. 

The manufacture of carbon disulphide is an instance 
of the successful application of the electric furnace to a 
process which was formerly carried out with fuel heating, 
the temperature of the reaction being well within the 
limits of such heating. This substance is formed by the 
action of coke or carbon on sulphur at a red heat, and 
was formerly prepared by heating these materials together 
in small retorts and condensing the carbon disulphide as 
it distilled off. 

The manufacture on a large scale involved the 
multiplication of retorts, as these necessarily had to 
remain limited in size, on account of the difficulty of 
causing the heat to penetrate. The shells are also easily 
destroyed by the heat; and their replacement and the 
constant attention required by a large number of retorts 
involved great expense. 

The electric furnace process of manufacturing carbon 
disulphide was designed by E. R. Taylor and installed 
by him at Penn Yann, N.Y. This is the largest electric 
furnace at present in use, being some 30- 40 feet high, 
and is of stack form, the diameter decreasing slightly 
towards the bottom. The raw materials are charcoal and 
sulphur, the latter fuses and remains at the bottom 
extending as far up as the electrodes. 'J'he current is led 
in by short carbon bars (the amorphous variety), which 
pass through closure plates and packing glands, and 
inside these are connected with a layer of broken pieces 
of carbon or coke to serve as a resistance, which becomes 
heated by the pa.ssage of the electric current. The whole 
body of the furnace is filled with charcoal. In the path 
of the current a very^hot zone is formed surrounded by 
regions of gradually decreasing tempemture. Volatilisa¬ 
tion of the sulphur occurs and the vapour traverses the 
lieateJ carbon, anrf in ascending, eventually finds a 
region in “which the temperature is most favoutable for 
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the formation of the carbon disulphide, which then passes 
off as a gas. On the outside of the stack of charcoal 
there is a narrow annular space filled with sulphur. 
Heat, which tends to radiate away, is here employed in 
melting the sulphur, causing it to flow into the compart¬ 
ment underneath. The control of this furnace is quite 
automatic, as if the heat becomes too intense, more 
sulphur melt-s and rising up around the electrode surface 
cuts down the current on account of its insulating 
properties. Consequently the only labour involved in 
running this furnace is that of feeding the stacks 
periodically with rulphur and carbon, and a run of a 
year’s duration witftout any other attention is usually 
possible. 

The furnaces work with about 400 amps, at from 50 
to 70 volts, 4 phase alternating current, amounting to a 
power of 250 H.P. 

To condense the carbon disulphide, the furnace gases 
are passed through a row of tubes, arranged vertically 
in a cylinder through which water circulates, and any gas 
still unconden.sed is next passed over charcoal and thus 
absorbed. For this purpose, use is made of the charcoal 
which is later to be employed in the furnace, and the gas 
is passed over it white it is undergoing a drying treat¬ 
ment by heating. .Some sulphuretted hydrogen is 
liberated in this operation on account of the presence of 
water. Means are now being considered of absorbing 
this gas with itbn o.xidc. 

The plant at Penn Yann is ideally situated, having, 
on one side a water power, and on the other a railway 
siding. A fall of 32 feet in the river is available, and 
the water is led from the reservoir above through a steel 
flume 8 feet in diameter and 50 feerlong to the turbines. 

The electric cfcrrent is supplied by two 330 kilowatt, 
two-phase, Stanley induction geneptors, whicji,^ atjjje 
present time, only run at about hall their rated capacity. 
Three furnaces have been built, but only one is run at a 
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time. An output of 8,000 pounds is produced per 24 
hours. Mr. Taylor considers there is no limit to the size 
of the furnace possible, and that still greater economy 
would be achieved when working on a larger scale. 

The carbon disulphide is loaded directly into special 
cylindrical tank cars, brought along the railway siding, 
the liquid being delivered through a .short pipe line to the 
car. 

Carbon disulphide is a liquid which now finds 
considerable application in industry as a .solvent of rubber 
and sulphur and on account of its property of 
destroying bacterial and other noxious forms of life, and 
latterly it is being employed as an ingredient in the 
manufacture of artificial silk (Viscose). The electric 
furnace process may be looked upon as a derided advance 
in the manufacture of this material. With this method 
of manufacture no escaping fumes of any kind are 
apparent, in .spite of the objectionable odour of the liquid 
and its dangerous inflammatory propertie.s, and the 
amount of labour is certainly reduced to a minimum, as 
the whole installation only requires the attention of two 
or three men during the day and one or two during the 
night. 

This plant supplies the whole demand of the States 
for carbon disulphide. 
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CHAPTER IX. 

ELECTRO-CHEMICAL INDUSTRIES IN THE 
ALPS, FRANCE, AND BELGIUM. 

The French Alps contain a large number of hydro¬ 
electrical installations, most of which have been applied 
to electro-chemical enterprises. Developments of water 
powers from falls in tivis district, and also in the Pyrenees 
are increasing very rapidly. 

According to the Report of the British Consul at 
Lyons, the water power used for the various chemical 
industries in h)o 6 amounted in the aggregate to 
100,000 H.P., whilst, according to Girod, the power used 
in France in i(}o6 for the production of ferro-alloys 
amounted to 50,000 H.P., and the value of the yearly 
output was 1,200,000, 

The production of aluminium in South-Eastern France 
has made rapid strides, having risen from 1,647 metric 
tons in 1904 to 1,905 metric tons in 1905, whilst in 1906 
the export increased by over 50 per cent, as compared 
with the previous year (vide p. 30). The extraction of 
bauxite, the raw material of aluminium, also rose from 
75,000 metric tors in 1905 to 103,000 in 1906. 

Valley of Arc* 

At Modane there is a fall of 7 metres cn the Arc and 
one of 135 metres, giving 400 H.P., on the Charmaix 
River. These two falls are utiliWd by paper works, 
which, however, .have recently been destroyed by the 
flooding of the Charmaix River. 

On the way from Modane to La' Praz there are two 

d'ElectrvlyH, Aug. aAd Sept., 1906, Noe 240-213. 
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falls, 'file first is 33 metres high and is led through a 
pipe 2 kilometres long and 2 metres in diameter. The 
swond is 75 metres high. These are used by the 
Soci^t^ Electrometallurgique fran^aise for the production 
of aluminium and steel. This company al.so owns the 
Bissorte Falls, which have a capacity of 10,000 H.P., 
and which will probably soon be developed. 

.^bout a mile below La Praz, the "Societt? d’Electro- 
chemie ” has a chlorate works and makes use of a water 
power providing 4,000 H.P. 

Still lower down, the .'\rc widens into a lake which 
serves as the intake of another power station, at the 
village of Saus,saz. The fall is, nere 75 metres, and 
provides a total power of 15,000 H.P. This is also 
owned by the Societe Electrometallurgique franfaise, the 
power being employed in a second large aluminium 
works. 

At St. Michel de Maurienne there is another fall of 
22 metres awaiting development, and the rights of this 
belong to works in (jrenoble. 

Further on, at Calypso, the Arc is joined by the 
Valloirette, and two falls here furnish power to the 
amount of 11,000 H.P., which is used by an aluminium 
works belonging to the “ Socirhe des produits chimiques 
d’Alais et de la Camargue.” These works contain 
10 centrifugal turbines, each of 1,400 H.P., working at 
400 revolutions and connected with dynamos of 
1,000 K.W. These works were ori^ally erected for 
the manufacture of calcium carbide, and, in the future, 
if the demand for aluminium slackens, the production 
of ferro-alloys and steel will doubtless be undertaken. 

At St. Julien, a dam is being constructed and a further 
power on the river is being developed to the amount of 
7,500 H.P. under considerable engineering difficultie,s, 
and at a cost of more than a million francs. This is 
^eing‘worked by tthe SoeWte des Produits chimiques 
d'Alais " at St. Jean de Matyienne. There ary thus, in 
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all, live aluminium works in the valley of the Xrc and 
one chlorate works in addition to several other electro- 
chemical plants. 

Societe Eleclrometallurgique Fran^aise. 

This important company works the processes of Dr. 

P. H^roult and possesses several works. At Froges and 
at Champ (Isire), at Da Praz and at St. Michel de 
Maurienne (Savoy) and at Gardanne (Douches du 
Rhone). The works at La Praz utilise about t3,ooo H.P. 
developed from water power, and that of St. Michel de 
Maurienne about i7(opo H.P. The company manufac¬ 
tures aluminium and also steel, and in addition ferro- 
chrome, ferro-silicon and other ferro-alloys. 

The steel is prepared in shallow furnaces which are 
provided with a spout and can be tipped. Two carbon 
electrodes pa.s.s through the arched roof, and the furnace 
is supplied with direct or alternating current which enters 
by one of the electrodes, passes through the metal bath 
through the layer of slag and along to the other 
electrode. 

The process of manufacture consists in taking a 
mi.xture of cast iron and scrap steel and iron ore, together 
with a suitable slag whereby the bath is decarburised. 
When the oxidation is finished the slag is removed and 
replaced by another of lime or fluor spar; this operation 
is repeated as many times as is neces.sary for complete 
purification. The metal is then recarburised to the 
necessary degree by plunging the electrodes in the bath, 
or else by adding “ carburite.” The process is finished 
by the addition of ferro-silicon, chVomium, manganese, 
etc., according t^ the type of steel required. The 
consumption of energy in the trials made. by the 
Canadian Commission starting with>cold raw mkterial?'^ 
amounted to from 720 to (,ioo K.W. hours ffer ton of 
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steel. The number of operations may be as many as 
three every 24 hours. The cost of the process amounts 
to from 29 to 38 francs per ton of refined steel, and 
is made up as follows : — 

Electrodes, 1 franc; repairs, 7 francs; slags and 
materials added, 3 francs; power, 18—27 francs according 
to the quality of steel. The cost of power is calculated 
on a basis of 2 5 centimes per K.W. hour. 

Gitod Ferro-Alloy Works.* 

This company, known as the SociAie anonyme Electro- 
m^tallurgique, has at present thr«e important works, at 
Ugine in Savoie, at Courtepin, and at .Montbovon in 
Switzerland. .4 total of 18,000 H.P. is in use, and 
harnessing of further power, which is now progressing, 
will soon render available some 45,000 II.P. In 1898 
M. Paul Girod devised a process for the production of 
high grade ferro-alloys, and in iHryj started a works 
employing i,(xx) H.P. at Albertville. 

This work was soon extended on a much larger scale, 
the great success which followed, being due in a large 
measure, to the development of high speed tool steels 
and other special steels. 

In 1903, the works at Courtepin were started with 
1,800 H.P., the power being obtained at 16,000 volts 
from the Fribourg Cantonal Government. 

In the same year the water rights dV the falls of the 
Arly Wore purchased, and the installation of the power 
plant of 8,500 H.P. at Ugine was completed and made 
available for use within a year. 

The furnaces at llgine are of the “ smothered arc ” 
type, provided with automatic regulation and equipment 
necessary for continuous working. • 

*11. S. I^atton. “Tbe Girod Ferro-alloy Works and the New Qirod 
Steel Furnace.” EUrtrorhem. and ^Utall. Ind (1907), vol. ir, p. 9. 
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The present annual output of the three installations 
may be summarised as follows:— 

5,000 tons ferro-silicon (50 per cent, silicon). 

1,000 tons ,, (30 ,, silicon). 

. 2,000 tons ferrcMthromium. 

800—000 tons ferro-tiinffsten. 

About 50 tons ferro-molybdenum. 

5—10 tons fcrro-vanadium. 

Other metals produced and put on sale are pure 
vanadium, titanium and ferro-titanium, ferro-manganese, 
cupro- and nickel-vanadium, silico-chromium, silico- 
manganese, ferro-borun, ferro-tantalum, ferro-uranium, 
cupro-silicon, ete. The total value of the alloys .sold at the 
present time is equivalent to over 9,000,000 francs per 
annum. The company specialises largely in high grade 
alloys of low carbon content. 

A copper vanadium alloy was exhibited by this 
company at Li^ge in 1005. This is prepared in large 
quantities, and used in the manufacture of articles needed 
for artillery purposes. 

Ferro-chromium is made of very varying composition 
according to the u.se to which it is to be applied. For 
iron sheathing and projectiles an alloy of 65 per cent, 
chromium, 8 to to per cent, carbon, and 2 to 6 per cent, 
silicon is taken. For crucible tool steels an alloy with a 
lower percentage of carbon, viz., from 4 to less than t 
per cent, is taketi. This latter kind is so soft as to be 
almost forgeable. 

The percentage of sulphur is always less than '03 per 
cent. 

With regard to the ferro-tungstej, this is made in two 
grades. The one containing about 85 per cent, tungsten 
and a maximum'of o'5‘per cent, carbon, is chiefly 
employed In the manufacture of crucible tool stdel., Thft.,, 
other quality, containing 60 to 70 pef cent, tungsten and 
2 to 3 per cent, carbon, is Krgely used in ^he preparation,^ 
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by the open hearth process, of steels containing less than 
2 5 per cent, tungsten, which are used for the manufac¬ 
ture of springs, etc. 

It has been shown by repeated trials that steels made 
with ferro-tungsten are more economical and also of a 
more uniform quality than those made of tungsten 
powder. The ferro-alloy is, moreover, in a more 
convenient form for introducing into the steel than pure 
tungsten. 

The ferro-tungsten is sold on the basis of pure 
tung.sten, and the selling price is .ibjiut 20 per cent, less 
than that of tungsten powder. 


Ferro-Alloy ITor/js of Keller, l.eleu.r and Co.* 

This company has two works, one at Kerrouse 
(Morbihan), and the other at f.ivet (Is^rc). The works 
at Livet makes use of a total power of 15,000 H.P., 
furnished by a fall of water 60 metres in height, and the 
works at Kerousse uses a fall of 2J metres, generating 
600 H.P. 

The monthly output of the two works amounts to 
-250 tons of ferro-silicon containing from 25 to 75 per 
cent, silicon, 150 tons of silico-spiegel, 80 tons of ferro- 
chromium, and some ferro-tungsten. 

Manganese alloys containing 38 *to 40 per cent, 
manganese, and 22 to 24 per cent, silicon are akso 
prepared. 

Ferro-chromium alloy is produced to the extent of 
80 tons per month,*and ferro-tungsten is prepared at 
intervals, the total production.of the two works amount¬ 
ing to about too tons per month. This company has 
••also engaged largc^ in the production of iron and steel. 

, • B'tdUtin dt la Beige d'Eleiftnekm {1905), vol. xxii.'p. 646. 
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The hydro-electric equipment at Livet includes three 
types of machines:— 

(а) Low tension, 5 groups monophase generators of 
1,200H.P. Neyret turbinesandThuryalternators. 

(б) High tension, 3 groups of three phase machines of 
2,700 H.P. (Bouvier turbines, Brown-Bovcri 
alternators). 

(c) Direct current, 4 generators of 150 H.P. to supply 
the motors and accessories of the works. 

The low tension current is led directly to the Keller 
furnaces, which are of the resistance type. The furnaces 
have each a capacity of 1,200 H.P., and make a melt 
of ferro-alloy of 500 kilos, each two hours. The high 
tension current supplies, by means of transformers, three 
furnaces of a total capacity of 1,500 kilowatts, which 
furnish a daily output of 12 melts each of 12 tons. 

A model of a furnace of the multiple type was exhibited 
at the Li^ge Exhibition in 1905. This furnace 
consists of four columns which are in electrical 
connection by means of a crucible placed at the 
base. This crucible also serves to collect the molten 
metal as it forms. The tall columns are filled with 
the charge to be smelted, which here surrounds the 
carbon electrodes. Two electrodes arc joined in parallel 
forming two groups, and the current is caused to pass 
from one group through the charge in the furnace and 
that in the crucible underneath, to the other group of 
two. ' 

The furnace works continuously, and the electrodes 
last about a month, and can be quickly replaced without 
disturbing the process. 

The works at Livet do not engag“ in the manufacture 
of cast-iron except on an experimental scale. 

h * 

Societe d'Etectro-Chimie. 

This company possesses important works at St. Michel 
de Maurienne, and at VaPoibes, and engages principally 
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in the production of chlorates of sodium and potassium, 
The annual output is about 1,500 tons. 

The Soci^t^ d’Electro-chemie also prepares sodium 
peroxide to the amount of 200 tons a year. This is 
obtained by passing a current of air over sodium 
contained in a platinum tube which is heated electrically. 

Sodium peroxide finds application in the bleaching of 
linen and wool. By compressing this peroxide with a 
salt of copper, a product known as “ oxylith ” is 
obtained. This is used for the preparation of oxygen, 
which is evolved on contact with water. 

“ Socicte Anonyme des Forces "Molrices cl Vsines de 
I’Arve.” 

The works of this company are situated at Chedde 
(High Savoy), tint manufacture of alkali chlorates being 
engaged in. Itnergy to the extent of i3,o(X) H.P. is 
consumed for this purpose and is obtained from a water 
power. In 1904 the output amounted to 4,030,txx) kilos. 

“ Le Carbone ” Company of Levallois Petrel, France. 

This company prepares all kinds of carbon for electrical 
purposes, such as lighting carbons, carbons lor micro¬ 
phones, for electrodes in clectrtr-chemical and electro¬ 
metallurgical work, and battery carbons. Machines are 
in use which enable the construction of carbon articles 
in all shapes. For these purposes, amorphous carbon, 
such as gas coke, is ground to a tine powder, mixed with 
a little binding material, such as tar, pressed in a 
hydraulic press or’squirted through dies, and then baked 
in a furnace, whereby a solid agglomerated mass results 
(compare page 21). For some purposes, such as for 
electrodes, the carbon articles are dieated to a much 
^higher temperature and graphitised. 

The ^raphitisin^ furnaces arc of the form designed by 
Girard and Street, and consist essentially of»a closed 
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chamber, through which the carbon articles are slowly 
drawn by means of rollers and caused to pass through an 
electric arc, which plays inside the chamber between two 
transverse electrodes. 

In this apparatus the power consumption is found to 
be 7 36 kilowatt hours per kilogram of carbon trans¬ 
formed. 

The Carbone Company possesses three works, at 
Levallois-Pcrret (Seine), at Notre Dame de Briamjon 
(Savoy) and at Frankfort-on-Main. 

These three works employ a total motive pow'er of 
750 H.P., of which, 500 H.P. are derived from water. 

FLECTIiO-ClIKMICAl, InDIISTRIES IN BeLOIUM. 

Electrolysis of Water —“ La Societe Oxyhydrique." 

Some 20 processes for preparing hydrogen and o.Nygen 
by the eiectroiysis of water have been patented, and 
some of these have been brought into industrial 
operation. 

The one which is most widely in use at the present day 
is the apparatus of Garuti which was brought out in 
1893, and which lias undergone several modifications. 

Garuti introduced the use of metallic plates as 
partitions between the anode and cathode compart¬ 
ments. Previously their use, had been avoided on 
account of the risk of their acting as bipolar (inter¬ 
mediate) electrodes, and evolving hydrogen on the side 
towards the anode, and oxygen in the cathode depart¬ 
ment. Diaphragms were consequently constructed of 
linen, cotton, asbestos cloth, parchment paper or 
vegetable fibres. The electrolytic decomposition of 
water requires approximately 15 volts, consequently, if 
a separating part'tion is to act as an intermediate 
electrode, an E.M.F. of 3 volts will be necessary. By 
raising the partition so as to allow” the fluids tb com¬ 
municate by a passage underneath, electrolysis will begin 
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fit I'S v^ts, and by keeping this below 3 volts there is no 
possibility of the partition taking part in the electrolysis. 

In the Garuti process, the electrolysing apparatus 
consists of an iron rectangular box, open beneath, and 
divided by metallic plates into long, narrow, divisions. 
The electrodes are introduced into the chamber thus 
formed by means of a wooden comb which serves at the 
same time for insulating the electrodes from each other 
and the metallic partition. The electrodes are placed 
at a distance of 12 mm. from each other. The partitions 
have a zone of fine perforations which, in the latest 
modifications, are placed at the level pf the middle of the 
electrodes. The container is dipped into the electrolyte 
in the manner of a gasometer bell. This holder is 
provided with outlets for the gases and hydraulic .seals to 
prevent mixture of the gases by not allow ing any increase 
of pressure in the apparatus. The gases are led away 
to a pump and compressed in steel bottles. 

A current density of 2 amps, per square centimetre 
and an E.M.F. of z volts is used and an electrolyte 
of caustic soda, 21 Beaume, or caustic pot.ash, 16-18 
Beaumiq is taken. The resulting hydrogen has a purity 
of gS's per cent, to 98 9 per cent., and the oxygen 97 
per rent. 

“ La Socictc Oryhydrii/ue " was formed at Brussels 
(Molenbeek) in 1896. At first difiiculty was met with 
on account of the small market for hydrogen and oxygen. 
Attention was then turned to the de.signing of an 
oxyhydrogen blowpipe which has now established it.self 
as a valuable implement in industrial work, being u.sed 
for working metals! .Another new application found by 
the company for oxy^n is for the cutting of sheet iron, 
which is brought about by local fusion. 

The works at Brussels conlnin io» Garuti elements, 
which are mounted in .series, and which consume 124 
kilowiifts, under a difference of potential of 240 volts. 
The annual output is 140,009, cubic metres of hjrdropen 



io6 


BELGIUM 


and 70,000 cubic metres of oxygen. A second works is 
now being erected at Sclessin. Other works using the 
Garuti process are at Schiedam, Montbars, Lyons, Lille, 
Lucerne, Thale, Paris and Rome. 

The plant at Schiedam has a daily output of 360 cubic 
metres of the mixed gases, 80H.P.being consumed in the 
electrolysis, and 20 H.P. in the compression of the gases. 

In the installation at Rome, power is received at about 
;^3 per H.P. year, approximately '/lod- P^r unit. This 
corresponds to a cost of r3d. per cubic metre of the 
mixed gases. Allowing for depreciation of plant and 
interest on capital,, the cost has been estimated at ajd. 
per cubic metre of the mixed gases. 

Hydrogen is obtained as a bye-product in electrolytic 
processes for the production of alkali in which aqueous 
solutions are used. In these processes large amounts of 
this gas have hitherto been allowed to go to waste. 
Latterly, however, methods of collecting it have been 
adopted in some cases, the gas being led away and 
compressed in steel cylinders. Some use has been found 
for electrolytic hydrogen in Germany for balloons, the 
high purity of the gas and its consequent lightness 
making it specially suitable for this purpose. 

Solvay Company. 

The Solvay Company operates a process similar to the 
Castner-Kellner for the electrolysis of salt solution and 
production of chlorine and caustic soda. 

works has been erected at Jemeppe sur Sambre using 
1,000 H.P. The purity of the caustic soda is said to be 
very high, allowing it to compete whh that obtained by 
alcohol. 




The question of the source of nitrate supplies in the near 
future is a subject of great economic importance. Up to 
the pre.sent the only k'liown extensic’e deposits of nitre 
are those of Chili, and, as the demand for this material 
as a fertiliser is rapidly increasing in order to meet the 
needs of a growing population, and on account of more 
intensive cultivation of land generally, e.xhaustion of 
these natural deposits at no distant date appears to be 
inevitable. 

The necessity of appiving large quantities of nitrate 
to the soil for agricultural purposes, to replace that which 
is abstracted by the crops, is now generally recognised 
by agriculturalists. It is estimated that in France alone 
the quantity of nitrogen removed from the soil by the 
crops annually amounts to 600,000 tons, whereas 2,';o,ooo 
tons of Chili saltpetre are yearly consumed to make up 
the loss. 

In consequence of this, the artificial production of 
nitrates has suddenly gained a very ‘important place 
among technical problems. 

It is to the atmo.sphcre that attention has been turned 
for the supply of nitrates in future, and, it is indeed 
estimated that out of \Me. air over each .square mile of the 
earth’s surface, more saltpetre can be made than is to be 
found in all Chili. The possibility oft'ausing the union 
of nitrogen and oxygen was first discovered by 

*Kr. Birk^Iand. Trent. Farmlay S^citty, vol. ii, p, 98 (D#c. 1906). 
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Cavendish as early as 1785. These gases were found to 
combine under the influence of the electric spark, yield¬ 
ing oxides of nitrogen, which are readily transformed 
into nitrates. 

This method was made use of by Rayleigh as a means 
of separating nitrogen from the atmosphere, in the 
important work on the preparation of argon.* McDougal 
and Howies ^ were the first to carefully work out the 
industrial application of the electrical fi.xationof nitrogen. 
By employing a high tension alternating arc in air they 
succeeded, by a study of the necessary conditions, in 
obtaining a yield of 300 grams nitric acid per 12 H.P. 
hours, in this way combining 51 per cent, of the air 
passed through their apparatus, whilst with a mixture of 
two volumes oxygen to one volume of nitrogen the yield 
rose to 590 grams per 12 H.P. hours. 

This subject was next taken up with more favourable 
results by Bradley and Lovejoy at Niagara Falls.* 

The aim of all this work was to obtain electric arcs of 
the greatest possible length .so as to bring the arc in 
contact with the maximum amount of air and also to 
provide for sudden cooling, once the products of com¬ 
bustion had formed. 

In the apparatus employed by Bradley and Lovejoy a 
rapid interruption of the arc was provided by means of 
a rotating framework with projecting electrodes. These 
approached a stationary set of projecting electrodes of 
platinum at frequent intervals, and an arc was thus 
formed, drawn out, and rapidly broken. 

A wholesale synthetic production of nitric acid from 
air was attempted by means of this apparatus of Bradley 
and Lovejoy. A company known as the Atmospheric 

1 . Rayleigh, /curti. Chem. ^oc., vol. Ixxi, p. 181 (1897). 

2. McDougal and I^owles. Manch. Lit. and Phil., vol. xliv, part 4, 
No. 13, pp. 1—19 (1990). Hutton and Petavel. High Ttm^. ,BlectrO' 
ehaniatrg Inti. Elfrtr. Engineers, Manchttttf Section, Noy. 25, 1902. 

•Bradley and Lovejoy. Electnnehem. Ind. (1903), vol. 1, pp. 20, 100. 
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Products Co. was formed, and a small trial factory built 
at Niagara Falls. This undertaking did not meet with 
success, however, probably on account of the apparatus 
being rather complicated, and the cost of erection and 
maintenance per kilowatt being disproportionately large. 

Work on the formation of o.xides of nitrogen was next 
taken up with greater success by Uirkelande and Eyde, 
who introduced the use of a special form of high tension 
flame obtained by placing an alternating current 
arc equatorially between the poles of a powerful electro¬ 
magnet. .'Vn electric disc flame is thus produced consist¬ 
ing of a series of arcs, which follow ijne another in quick 
succes.sion, extend rapidly outwards in the form of a 
circle, and finally break. The discharge has thus the 
appearance of a completely luminous circufar disc, and is 
of a very high efficiency for the combustion of the 
nitrogen. The electrodes consist of water cooled copper 
tubes, placed about i cm. apart, the cooling effect of 
which, as measured by experiment, causes a loss of only 
about 7'5 per cent, of the electric energy. 

In the I 5 irkeland-Hyde process this alternating current 
disc flame, which measures about 6| feet in diameter, is 
enclosed in a special narrow furnace lined with fire-brick 
and furnished with a metal casing. 

This process is now in succes.sful operation at the 
Nottoden Saltpetre Manufactory, where a number of 
these furnaces are in use, each employing 500 kilowatts 
(670 H.P.). 

These furnaces run quite automatically, and can be left 
without attention for long intervals. Roaring of the 
flame takes place wflien readjustment of the electrodes is 
needed. A working jpotential of about 5,000 volts is 
used, and variations in energy do not exceed 2-3 per cent. 
Though the temperature of tha flamejs somewhere near 
3,000°, the fire-brick lining of the furnace does not rise 
aboveT joo°C. during normal working on account of the 
cooling elfect of the current of air. , 
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The products of the furnace consist of nitric oxide 
mixed with a large excess of air. After cooling, the 
nitric oxide combines with more oxygen from the air to 
form nitrogen peroxide which unites with water to yield 
nitric and nitrous acid. 

An absorption system of stone towers is arranged to 
condense the fumes. A solution of nitric acid of 50 per 
cent, concentration is obtained in the first tower, and 
more dilute acids in the others, the counter currentsystem 
of water circulation being adopted. The nitric acid 
solution is neutralised by lime, and after evaporation to 
drvness the calcium* nitrate can be applied directly as a 
fertiliser. , 

.\ solution of milk of lime is placed in the last absorb¬ 
ing tower, and the acid absorbed in this forms a mixture 
of nitrate and nitrite. This is quite unsuitable for use asl 
a fertiliser, and, in fact, is decomposed by nitric acid 
from the other towers, and the gases are put back again 
into the system. 

A number of agricultural experiments have shown that 
calcium nitrate is quite as good as the natural saltpetre 
for fertilising purposes, and on sandy soil even superior 
to it on account of the valuable properties of the lime. 

As air contains a considerable excess of nitrogen above 
that needed for the formation of nitrogen peroxide, it has 
been proposed to enrich the r.eacting mixture by the 
addition of an excess of oxygen. The increase of yield 
obtained by using the theoretical amount of oxygen in 
this manner is said to amount to 20 per cent. Oxygen 
could probably be economically obtained from the 
atmosphere by means of the Linde process. 

.'\ccording to O. N. VV'itt, the'field of the Birkeland- 
Eyde process is between 500 and 600 kilogrammes of anhy¬ 
drous nitric acid jxrkilow'att year(820—1)70lbs. per H.P. 
year); whilst, according to Edstrom,* a yield of 950 kilos 
per K.W. year has been reached with some fui^naces. 

* Trans* Amer. Eltrtrorhctn. Son (1904), vol. vi. p. 25. 
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A new factory is now being built at Notodden whicH 
will receive power to the amount of 30,000 H.P. from 
falls at Svaelgfos, three miles distant. The furnaces will 
be of from 750 to 850 kilowatts each. 

It is estimated by the company that the cost of produc¬ 
tion of calcium nitrate will be about per ton, whereas 
the present selling price is ;^8. Power is at present 
ren^ from the Tinfos electric power station at 24s. per 
E.H.P. year, and from the new power station will be 
considerably cheaper. 

'In 1907, there was manufactured at Notodden 1,000 tons 
of saltpetre and calcium nitrate on'the Birkeland-Eyde 
system. When the hydraulic power station which is to 
utilise the waters of the Tinfos Palls is completed, it will 
be possible to increase the annual output to 20,000 tons. 

Another station, whose rapacity will be 220,000 H.P., 
is in course of construction. 

The commercial success of this process in Norway is 
very largely due to the i-fficiency and comparatively low 
first cost of tile plant, and to the very cheap cost of 
power. The presence of easily-developed large water 
powers is making Norway a very promising centre for 
electro-chemical enterprises. On account of this, and 
also because of the general technical ability of the people, 
who have not been slow in availing themselves of their 
natural resources, it is to be expected that the electro¬ 
chemical industry will attain greatt importance in 
Norway. 

Another method for the fixation of atmospheric 
nitrogen by electric discharges is that of Moscicki and 
Kowalski. This process has been installed at Vevey in 
Switzerland,*a 2,100 H.P. plant having been in operation 
since 1903.* 

* Ehttr^echnnekf. Zti^rhrift, OcUjber 1906. 

EUcirocktm. and MetaU. Ind. (^07), voJ. v, p. 191. 
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The arrangement finally adopted by Moscicki was that 
of a rotating arc. The arc flame is produced between 
two vertical concentric copper electrodes and rotated by 
magnetic lines of force parallel to the axis, spinning 
round in the annular space. Direct current is now used, 
applied at 1,500 volts or more. 

The yield of this plant is 525 grammes of nitric acid 
per kilowatt year and only i per cent, of the ener gy, is 
absorbed in the auxiliary apparatus. 

Numerous other companies are engaged in the indus¬ 
trial manufacture of nitrates, notable amongst these 
being the “ Badischfe Anilin and Soda Falprik,” which 
has independently carried out a vast amount of experi¬ 
mental work, and recently has come to an arrangement 
with the Norwegian company for the manufacture of 
nitrate on a large scale in Norway and elsewhere. 

Cyanamide. 

The problem of the fixation of atmospheric nitrogen 
has also been solved by a method totally different from 
the above. This is due to the discoveries of Frank and 
Caro which showed that calcium carbide acts as a good 
absorbent of pure nitrogen. By this means there is 
obtained a product known as calcium cyanamide which 
can be made to undergo several chemical changes 
forming compounds which readily yield ammonia, and 
other useful nitrogenous compounds. Calcium cyan¬ 
amide undergoes such decompositions in the soil, and 
can therefore be employed directly as a fertiliser. 

A development of the above process for preparing 
cyanamide was devised by Erlw\in,* and adopted by 
Siemens and Halske, being manufactured Recording to 
this method by the„Cyanidge.sellschaft of Berlin and at 
the Badische Anilin and Soda Fabrik at Ludwigshaven 

• Eleklrottchnitcht ZtiUchrift (1207), pp. 4K,' 62. 

EltktrOx'hfm. and MttiU. Ind. (’907), vol. v, p. 77. 
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and, put on the market under the name of “ lime 
nitrogen ” (Kalk-Stickstoff). 

The raw materials which serve as the starting point in 
Erlwein’s method are coke and lime which are heated 
in a furnace after the type of the Acheson graphite 
furnace {p. 20), and over which nitrogen is passed. 
Absorption of the nitrogen and evolution of carbon 
monoxide takes place, yielding as a product calcium 
cyaWmide. 

When first brought out this process was more 
economical than that of Frank, starting with calcium 
carbide and nitrogen, on account of ihe high price of the 
former, but when the boom for carbide was over and 
prices went down, the Frank profcess became the cheaper 
one, and is now used in Italy and is being introduced 
into other countries. 

Nitrogen can be obtained from the air by removing the 
oxygen with heated copper or else by liquefying air as in 
the Linde process and separating the nitrogen by distilla¬ 
tion. On passing this through calcium carbide heated in 
closed gas-fired retorts, absorption readily takes place, 
and the carbide is transformed into cyanamide. 

The cost of this manufacture depends of course upon 
the cost of separating nitrogen from the air, and on the 
cost of calcium carbide, which again depends on that of 
power. It is estimated'that carbide factories which pay 
10s. per H.P. year for power, and average 
prices for coke, lime, etc., and nitrogert, can make a good 
profit by preparing cyanamide to be sold as a substitute 
for saltpetre for fertilising purposes. 

Besides being di-cctly applicable as a fertiliser, 
calcium cyanamide has been applied to a number of 
other purposes, such as to thg production of ammonium 
sulphate, the manufacture of dicyan^iamide, a compound 
used*in the manu^facture of aniline colours and gun¬ 
powder”.' Cyanamide may also be used as a source of 
• • 
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sodium cyanide or potassium cyanide, according to a 
process devised by Freudenberg. 

As a case-hardening material for iron and steel, calcium 
cyanamide has found a new sphere of application. This 
is due to the decomposition of the cyanamide giving up 
carbon to the iron which is thereby hardened. 

For the nfenufacture of urea a small plant is already 
in operation in which the calcium cyanamide is treated in 
a suitable way with acids and immediately changefTnto 
a solution of urea which may be easily crystallised. 

Works for the manufacture of cyanamide are now in 
operation, or in course of erection, at the following 


places 

Present annual In course of 

output. installation. 

Place. (Tons.) (Output in Tons.) 

Piano d’Orte (Italy) ... 4,000 ... 6,000 

San Marcel 

(Val d'Aosta) . — ... 4,000 

Terni Carbide Works... — ... 10,000 

Fiume . — ... 4,000 

Almis.sa . - ... 10,000 


France (two works). 4,000 

Switzerland . 3,75o 

Germany . 12,500 

Bavarian Alps . — 

Canada . — 

Japan .,. — 

Odda (Norway) . 12,500 


15,000 

5,000 

4,000 

50,000 
















CHAPTER XI. 


p3Wer centres and electro-chemical 

WORKS IN GREAT BRITAIN. 

The question of the cheap generation of power—a matter 
of vital importance to the success of most electrochemical 
enterprises, is now receiving a favourable .solution in 
this country. This is being brought about through the 
formation of large companies in various centres which 
generate electrical power in large stations ;ind distribute 
to various works in their district. Generation of power 
on a large scale, in this manner, leads to considerable 
economy. Industries which are highly specialised also 
benefit largely by receiving power from an outside 
source, as greater concentration in management is thus 
possible. 

In the production of cheap power and its wide applica¬ 
tion England is probably in more favourable circum¬ 
stances than any other country, not even excluding those 
with water power. This is due to the abundance of good 
coal, and to the density of population and proximity of 
industrial centres to each other, thus enabling large 
power centres to distribute electric current over large 
areas with a minimum tif transmission expenses. 

The conditions in certain parts of Norway and the Alps 
are quite exceptional, and it* cann^ be expected that 
local power companies in this country will ever be able 
to su’rt)!y current at,the prices which are now prevailing 
in those districts. Indeed jpme of the prices fur water 
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power in Norway and Sweden would not even p)ay interest 
on the capital cost of the necessary plant for steam power. 

It is improbable, however, that the power prices in 
those countries represent permanent conditions; naturally 
the waterfalls first utilised were those which involved the 
least capital,outlay, but as more powers are developed 
others must necessarily be harnessed with greater 
difficulty, and thus the price per H.P. year willj^. 
In this country, on the other hand, the price should 
show a downward and not an upward tendency with 
increased development. The cost of power in Norway 
and Sweden is certainly an extreme case. Comparing 
with water power in ot|ier countries, the price of power 
from steam in this country shows very favourably. It 
appears, for instance, that this is offered by at least 
one company in England as cheaply as at Niagara Falls. 
Apart from the cost of electrical power, all the other 
factors which determine the success of industries, such as 
convenience of transit and the proximity of the markets 
for finished products, are favourable to electro-chemical 
undertakings in this country. 

Many schemes have been authorised by Parliament for 
the formation of large companies for .supplying power 
within certain areas. In most cases the cost of production 
in a large and thoroughly up-to-date private plant would 
be considerably lower than the {trice at which the power 
company could afford to sell and distribute. Even in 
these cases, however, the desirability of a saving in 
capital and running charges in the early stages of an 
undertaking often makes it preferable.to take power from 
the company. 

The most prominent of the large power companies in 
this country at present, is the Newcastle-upon-Tyne 
Electric Supply Co. Ltd., which now delivers power to 
various industries on the Tynesidf and towns tJh the 
district^ 
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• Newcastle-upon-Tvne. 
Newcastle-upon-Tyne Electric Supply Co. Ltd.* 

This company, which is situated at the seat of the 
Northumbrian coalfields, is the first and most successful 
of its kind to engage in electric power distribution on a 
large scale in Great Britain. It began, in T8yi, as an 
ordinary electric lighting company, and ten years later 
devWped into a much larger undertaking, and began to 
furnish power for various industries on Tyneside. 

The company has grown through accretion and expan¬ 
sion, has amalgamated with surrounding powr^r com¬ 
panies, notably with the County of Durham Electric 
Power Supply Company, and tifken over other smaller 
stations, in some cases using them as sub-stations. 
Newcastle has always been characterised by having its 
electrical supplies in the hands of companies, instead of, 
as is almost invariably the case with other provincial 
towns, being in the hands of the municipality. The 
manufacturing area around Newcastle now receiving 
power from this company includes Gateshead, Wallsend, 
and Tynemouth. 

The principal generating station of this company is 
the Carvllle Power House which was built in 1904. 
This is situated on the banks of the Tyne, the site having 
a frontage of 420 feet which enables an ample supply of 
condensing water to be obtained. The station is laid out 
on what is known as the complete unif .system, each of 
the larger turbo-alternators having its own conden.ser, 
e.xciter, set of boilers, pumps, etc., though sharing with 
another large set a’ common boiler house, coal bunker, 
chimney, and branch Railway .siding. A sub-division 
into what is practically .speaking a number of independent 
stations is thus brought about, ihe oniy points of junction 
comgion to all the units being the main electrical bus 
bars,’fie circulating^water system, and the main railway 

*C. H. Men and W. McLellan.^'Af Slerfrinan. July 1904. 
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siding. In this way security of supply is maJe more 
certain, as the effects of failure in any part of the 
machinery are confined to one unit. The use of this 
arrangement also enables extensions to be made without 
interfering with the symmetry of the station. The pre¬ 
sent equipment at Carville consists of two 3,000 H.P. 
and about six 7,000 H.P. turbo alternators. The alter¬ 
nators work at 1,200 revolutions and generate three-phase 
current at 40 cycles and 5,750 volts. The steam tuFBlnes 
possess a capacity for large overload of as much as too 
per cent. A load factor of over 50 per cent, in the con¬ 
sumption of the current is obtained. 

The next station in importance belonging to the New¬ 
castle Electric Supply'Co. is at Neptune Bank. This 
has been in operation since 0)03. 

Distributing System. 

The system of distribution has grown hand in hand 
with the enlargement of the means of generation, and a 
network of mains extends from North Shields on the east 
as far as F.lswick on the west, and will .soon reach as far 
south as Middlesborough. Current is transmitted from 
the generating station at a pressure of about 6,000 volts 
through paper-insulated, lead-covered, cables to sub¬ 
stations where it is either converted into direct current at 
low tension or is transformed tp a pressure suitable for 
the consumer’s u.se. 

The largest con,sumers are Armstrong, Whitworth and 
Co., who take about 7,000 H.P., the North-Eastern 
Railway Co., the Tyneside Traihways and Tramroads 
Co., the North-Eastern Marine Engineering Co., Swan, 
Hunter and Wigham, Richard.soh and Co., Northumber¬ 
land Shipbuilding Co., Castner Kellner Alkali Co., etc. 

The price charged for current is 3fd. per unit for 
lighting and i|d. to Jd. per unit for power thougli, of 
course, special terms are made to l^irge consume^'. 

The development of large centralised electric power 
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supplies <n this way is of the greatest significance to 
industry. The smoke nuisance could, in this way, be 
completely eliminated. Cleanliness is also secured in 
the interiors of buildings where electric power, instead of 
steam power, is used. 

The larger the scale on which power plants are in¬ 
stalled the greater is the economy, and, in the I'yneside 
district, it is being realised by manufacturers that they 
cat^■r?ceive their power from the Power Company at a 
cheaper cost than by generating themselves. It is now 
generally admitted that electric power in engineering 
works of all kinds is superior to any other. Moreover, 
when current is purcha.sed from a power company, the 
total cost is known preci.sely and the user buys it as he 
wants it, whereas if he inslals a generating plant of his 
own, he must make it equal in capacity to his maximum 
demand, together with a certain reserve margin. In this 
case, more or less of the plant will be idle at intervals 
and interest charges mount up. 

The fluctuations in demand of the consumers of power 
from a central .station will tend more and more to equalise 
and dovetail the total demand as the area of consumption 
increases, and thus rai.se the load factor of the power 
station. 

Special terms are of course made in each case to large 
users of power, but the following diagram (copied from 
Electrical Industries and Investments, March 28th, 1906) 
contains figures of output and cost of production, and 
shows the reduction of the latter with increa.se of the 
former. 
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Throughout this period a dividend of 8 per/;ent. has 
been paid on the capita!, which then increased from 
jCsoOfOoo to ;^75o,ooo. At the end of 1906, a total of 
70,000 H.P. was being generated by the companies 
system, and the profits declared during 1906 amounted 
to ;^85 ,ooo. At the end of 1907, the output had risen 
to 92,764 H.P. 

An electro-chemical centre is now developing^ at 
Newcastle-upon-Tyne in consequence of the facilities 
offered by the power company. The present electro¬ 
chemical companies who avail themselves of this power 
are the Castner Kellner Alkali Co., who have a plant 
capacity of .some 5,000 K.W., which is now being ex¬ 
tended to 8,000 K.W., the Aluminium Corporation 
who are now installing a plant capacity of 5,000 K.W., 
and lastly the Thermal .Syndicate who at present only 
take a few hundred H.P. 

The Thermal Syndicate. 

This company engages in the electrical manufacture of 
Quartz Glass or Fused Silica. This is applied as a ware 
and formed into crucibles, tubes and other apparatus to 
be used in chemical work, in this manner it provides the 
most refractory of wares and furnishes apparatus capable 
of withstanding the most sudden changes of temperature. 

This material has found a particularly useful applica¬ 
tion in the manufacture of evaporators for concentrating 
sulphuric acid and, for most purpo.scs of this nature, 
forms an efficient substitute for platinum. 

This manufacture is of special interest as an application 
of very high temperature obtai^hd by electrical heating 
to a process requiring considerable refinements in 
manipulation, it Ijas moreover achieved considerable 
success in making available a most valuable material at 
a relatively very low cost. The pjpeess employid was 
initiate^ by experimental w’ork carried out in the electro- 
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chemical, department of this University.* Pure white 
sand is fused to a pasty condition at a very high tempera¬ 
ture, and then blown and moulded into the desired form. 
Heating is applied by passing a large current through 
carbon rods or plates which are embedded in the sand. 
The resulting Quartz Glass or Fused Silica is of a white 
semi-transparent nature. 

There are a number of other important power centres 
in operation or in course of development in this country; 
two or three of these are mentioned below. 

Lancashire Electric Power Company. 

This company has received parliamentary rights for 
the supplying of power over the whole of Lancashire 
south of the River Kibble, except Liverpool, Bootle, 
Manchester, Salford, Stockport and part of Bolton. The 
generating station is situated near RadclifTe, where four 
2.000 K.W. Curtis engines are in operation, and current 
is generated at io,(xx) volts, three-phase 50 cycles. The 
largest consumers are the .\eme .SpinningCo. Ltd., which 
takes 1,100 K.W. and the Chloride Fleelric Company 
which takes 300 K.W. There are ly sub-stations in 
operation where the current is stepped down to 400 volts, 
three-phase, or 500 volts continuous, for local distribu¬ 
tion. Power is sold at '43d. per unit plus an .additiopal 
charge which is graded from £6 per K.W. year for 
quantities up to too K.W. to for quantities above 
500 K.W. 

The Yorkshire Electric Power Co., which hitherto has 
been working at a losses now progressing very materi¬ 
ally and supplies 3,000 K.W. A prospective consumer 
of power from here is a large calcium carbide works 

• 

S. Hatton. ‘*0n the Fusion of Quartz in the Electric Furnace.” 
Manck^^t. and Phil. *^oc. Pror.^ January 1902. Trang. Amgriran 
BUctraehem Soe. (1902), vol. ii. p. 105. 
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known as the Imperial Automatic Light Co. Lt 4 .* These 
works are to be erected at Thornhill, Yorkshire, and it is 
expected will commence early in 1908. The works, as 
at present designed, are capable of an output of from 
2,200 to 2,500 tons of calcium carbide per year. 

This company will also manufacture a special plant 
for the generation of acetylene, which they claim will 
furnish a 2,500 candle power flame for i hour at a cost of 
4^d. The plant may also be used for producing thft oSy- 
acetylene flame for welding purposes. The apparatus 
is said to be portable and clean and absolutely safe in its 
working. This plant should find considerable applica¬ 
tion in the illumination of railway stations and isolated 
buildings where electric current is not conveniently 
available. 

The North Wales Electric Power and Traction Company 
is of considerable interest, as it utilises a large water 
power from Llyn Llydaw on Snowdon, North Wales. 
The head of water here available is 1,150 feet. 

At present four generators are installed, each of 
1,500 K.W. The current is generated and distributed 
at 10,000 volts, and at present is being supplied to 
neighbouring quarries and for railway traction. The 
price charged for this power at present varies from i^d. 
to Jd. per unit. The Aluminium Corporation is now 
erecting a works to prepare aluminium, using the power 
from this company. This works is situated 13 miles 
from the power station. 

The South Wales Electrical Power Distribution Co., 
situated in Monmouth.shire, Glamorganshire and Car¬ 
marthenshire generates a total W 7,520 K.W., and sup¬ 
plies power to neighbouring collieries and metal works 
at a cost of from 5.^d. to .^35^. per unit according to load 
factor, etc. 

* Eltctrochem. and Metall. Ind. (1908), vol. vi, p. 125. 

Enginttring, November 28th, 1907. EUrtriciin, February 
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The N^Hh-Western Electricity and Power Gas Co, 

This is an undertaking which has secured rights for 
Supplying power in portions to Staffordshire, Derby¬ 
shire, Flintshire and Denbighshire. The general scheme 
includes the furnishing of Mond gas as well as electricity. 
It is contemplated to erect generating stations at Stone 
and Ruabon, each of 7,000 H.P. capacity.* 

E!tectlo-chemical Works in Great Brilain.-f 
The manufacture of calcium carbide was begun at 
Foyers in October 1896. 

The Willson .patents were acquiKid by the Acetylene 
Illuminating Company in May 1895, who arranged with 
the British Aluminium Company for the use of a portion 
of their available power. As soon as calcium carbide 
received application in the generation of acetylene great 
interest was attracted to the substance, and it was thought 
that the use of this gas would cause serious competition 
with coal gas and electricity as an illuminant. A very 
large number of companies were consequently formed for 
the manufacture of calcium carbide, and in the period 
from 1896—1899 ns many as 650 patents were issued for 
its production. 

For about three years the carbide industry enjoyed a 
period of prosperity and three or four factories were 
erected in England. Speculation in this field, moreover, 
was not limited to this country, as in the year 1899 there 
were 68 carbide factories in operation ^d 16 in course of 
construction in Europe. When the promises of acety¬ 
lene were not realised, and the confidence of the public 
became shaken, this intliistry, in the years 1899 and 
1900 underwent a very rapid decline, and the excessive 
overcapitalisation brought nearly every company into 
liquidation, or caused re-orgamsatio*. 

*«gwplement to Electrician, Jan 3rd, 1908. 

t J. ^ C. Kershaw, “^he- ctectro-rhernical and electro-metallurgical 
indnatry of Great Britain, 1907.” J. B. C. Kershaw Elcctra-Metnlhirmi 
.( 1908 ). 



124 


GREAT BRITAIN 


The Acetylene Illuminating Company were net'able to 
maintain the Willson patents, and so the manufacture of 
calcium carbide was commenced by other companies, 
amongst these by the United Alkali Company at Liver¬ 
pool. Apparently the only carbide works at present in 
operation in Great Britain is at Askeaton near Limerick, 
though a large plant is now being built in Yorkshire 
(page 122). At Askeaton use is made of a water power 
generating 400 H.P., and the furnaces have a caPacfty 
of 3,000 amps, at too volts. While the home production 
of calcium carbide cannot exceed 3,000 tons yearly, the 
consumption in Great Britain now amounts to a total of 
about 5,000, the whole of which is usej exclusively for 
generating acetylene; none of the other proposed applica¬ 
tions of this material having been successful. 

Copper Refining. 

The copper refining industry, which has now attained 
such dimensions, had its birth in this country. It is the 
oldest of all electro-metallurgical industries, dating from 
1869. 

J. Elkington, in 1865, began working on this subject, 
and from 1865 to 1869 a number of patents were taken 
out and a small factory was erected at Pembrey, in South 
Wales, for the electrolytic refining of copper. These 
works were subsequently enlarged and are still in opera¬ 
tion to-day. 

The second British Refinery was that of Bolton and 
Sons at Froghall, Staffordshire, and in 1880 a number of 
plants were erected in Swansea. 

Copper from the American smelters was formerly 
shipped to England, France, and Germany to be refined, 
but is now all done^on the East coast of America, in New 
Jersey. The high values of gold and silver ar^ere 
extracted and only refined copper is exported to ^rope. 
The English refineries consequently lost their chidt 
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suppli^of raw material, and since then have undergone 
little if any further development. 

Manufacture of Copper Tubes, Plates and tVire.* 

In the usual arrangement for the electrolytic refining 
of copper, where use is made of a vat and stationary 
electrodes, copper is obtained in a more or less uneven 
•or rough condition. 

The unevenness of the metal increases with the current 
density and with the thickness of the deposit, so that 
smooth deposits cannot be obtained of any considerable 
thickness in the usual way. 

The low current density whigh is needed very much 
prolongs the operation, and a considerable period of time 
is necessary, often to—12 days, during which the metal 
is locked up in the vats, and a large amount of .space and 
tank accommodation required. The current density em¬ 
ployed in electrolytic refineries has been gradually in¬ 
creased from about 8 to 10 amperes to 20 amperes per 
square foot—16 to 17 amperes per square foot has usually 
been considered the limit with stationary electrodes. 
(See page jb.) 

Various proce.sses have been devised for increasing the 
current density by using mechanical means to prevent 
the copper from becoming rough. The.se different 
methods may be cla.ssified under the five headings. 

1. Revolving or moving the cathode. 

2. Burnishing the copper during deposition. 

3. Insulating the e.xcrescences or growths on the copper 

so as to prevenr«furthcr increase. 

4. Rapid circulation of the electrolyte. 

5. Revolving the cathode at a high speed (centrifugal 

process). 

1 

•S.^owper Coles. Faraday Socitty, August 1905, vol. i, 

p 211 
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Class 2 . A burnishing process was devised by felmore 
and applied to the manufacture of copf>er tubes at a 
works founded at Hunslet near Leeds, in i88g. In this 
method an anode of crude copper is taken, and the cathode 
consists of a revolving mandrel of brass, which has been 
carefully coated with graphite, and on this the copper is 
deposited electrolytically. A burnisher of agate passes 
continually backwards and forwards, leaving the metel, 
with a smooth and well polished surface. The usual 
current density is under 20 amperes per square foot, and 
the voltage between the electrodes from .5 to i volt. A 
4-inch mandrel is revolved at about 30 revolutions per 
minute. When sufficiently thick, the tube is detached 
from the mandrel. Besides tubes, calico printing 
cylinders, paper machine cylinders and other special 
parts of machines of pure copper are manufactured here. 


Class 3 . Insulating the excrescences or growths on 
the depositing tubes is the principle devised by Dumoulin 
in a process in which a sheepskin burnisher is substituted 
for an agate one. The sheepskin impregnators, which 
move over the surface of the metal, coat all projecting 
parts with a thin film of animal fat, which hinders further 
deposition until the surrounding depressions have been 
raised to the common level. The current used in this 
process is from 35 to 40 amperes per square foot of 
cathode area, the voltage required is about i'6 per vat. 
This process was'Worked for some time on a very large 
scale at the works of the Electrical Copper Co. in 
Widnes. The tubes prepared by this process were cut 
open and rolled into flat sheets of the approximate size 
12 feet by 4 feet. 

Class 5 . A centrifugal process of copper deposition 
has been developed by S. Cowper-foles, who foully} that 
if the mandrel constituting ttf cathode was revolved at a 
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certain eircumferential speed, smooth thick deposits of 
copper resulted, with very high-current densities which 
could not be obtained by any other method. A 
very pure copper is obtained in this way. Particles of 
impurities, which, in the stationary process tend to settle 
on the cathode and become enclosed, are repelled by the 
centrifugal action in this process. The composition of 
tjje ^ectrolyte usually employed is—copper sulphate 10 
per cent., sulphuric acid 10 per cent., water 80 per cent. 
A current density of from 80 to 275 amperes per square 
foot is used, the voltage varying from 3 to 12 over this 
range. 

Preparation of Copper Wire. 

Various processes have been attempted from time to 
time for the production of copper wire by electrolytic 
means; very few of these have met with any success, 
however, on account of the difficulties of the problem. 
A satisfactory method designed by Cowper-Coles and 
employed in conjunction with the centrifugal process 
consists in making a spiral scratch on the mandrel. The 
effect of this scratch, which must be angular, is to affect 
the molecular structure of the copper and to form a cleav¬ 
age plane. The copper is separated from the mandrel 
by unwinding at an angle to the a.vis of the latter. Three 
or four miles of wire can be made in a few hours from 
crude copper in one operation. For this purpose, an 
annular vat is used and a cylindrical*mandrel 7 feet in 
diameter, arranged vertically, and making about 50 re¬ 
volutions per minute. The great advantage of such a 
vat is that there are no working parts in the electrolyte 
and no stuffing bo.xes or glands are used. 

The capital expenditure on •the ptent required for the 
ceatn|ugal process is said to compare very favourably 
with Jvbat of an up-tr^date rolling mill and wire-drawing 
plant of similar size. 
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Broughton Copper Works, Ditton, near Widnis. 

The smelting of various copper ores and spent pyrites 
is engaged in here. The ores are imported chiefly from 
Spain and South America. A special variety of ore im¬ 
ported from Spain is atacamite, or copper oxychloride. 
This is brought into solution by treating with sulphuric 
acid and then decanting. Copper is removed from this 
liquid by the addition of scrap iron, and thus obtained ffi 
the form of powder. Silicate and sulphide ores of 
copper are treated in blast furnaces in the usual way.* 
The furnace charge consists of coke, and a mixture of 
ores in such a proportion as to give the necessary lime, 
silica and sulphur content. Slag from the reverberatory 
furnace treatment, which takes place at a later stage, and 
which contains about lo per cent, copper, is also added, 
and flue dust which is made into s' paste with lime. 
This smelting process is continuous, and the slag and 
matte are drawn off at the bottom. The former contains 
about '3 per cent, copper and is thrown away, and the 
latter about 30 per cent, copper. This matte is smelted 
again and converted intohigh grade matte which contains 
from 50 to 60 per cent, copper, while the slag with a 
copper content of about 2 per cent, is added to the charge 
in the first furnace. The further refining of the high 
grade matte is then carried out in,a reverberatory furnace 
at a very high temperature, whereby “ white metal ” is 
obtained. Air is jhen admitted in the necessary quanti¬ 
ties, when conversion into “ blister copper ” takes place, 
which is then run from the furnace and cast into moulds. 
The final refining of this metal js then carried out either 
by melting and subjecting to a “poling ” process, or else 
by casting into electrodes and refining electrolytically. 
The electrolytic process consists of a combination of the 
multiple and bipolar electrode systems. Anode»^d 
cathode are arranged in multiple Jn each vat, a^‘d in 

* Vide page 63, 
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betwMt» each are placed two bipolar electrodes which are 
insulated from the leads and which receive a deposit of 
copper on one side and are dissolved on the other. 
Before use, these electrodes are coated with a thin layer 
of soot on the cathode side to facilitate the stripping off 
of the deposited copper. The 24 tanks are arranged in 
series on a sloping fltwr to allow free circulation of the 
electrolyte, and the difficulty of excess of copper tending 
to accumulate is got over by diluting the electrolyte and 
adding more acid. The excess of electrolyte thus 
produced is used in the leaching of the atacamite ore 
described above. A temperature of about 1 io°F. is used 
for the electrolysis. Current is supplied at 25 volts, 
and to the amount of 1,000 ampfres, to the whole system. 
A voltage of 2 to thus occurs between each electrode, 
and a current density of 12 amps, per square foot is used. 
The object of th? -ombined multiple and series arrange¬ 
ment is to avoid the occurrence of a greater potential 
difference than i volt between the two ends of the lead- 
lined vats, as short circuit would otherwise result, and 
the lead lining cannot conveniently be replaced. The 
electrolyte contains about ^1,3 per rent, copper sulphate, 
3 per cent, sulphuric acid and a trace of glue to cause 
smoothness of deposit. The copper anodes remain in the 
bath about 30 days. The slimes, which contain antimony, 
silver, gold and impurities from the metal accumulate on 
the bottom of the vats and are removed and sold to 
metal refiners. Copper containing any appreciable 
amount of gold or silver is treated electrolytically, while 
that free from these metals is refined by the fire process. 

Electrolytic Lead Refining at the Smelting Works of 
Messrs. Locke, Blackett and Co. Ltd., Newcastle- 
on-Tyne.* ^ ^ 

Lgad is imported here and refined by two different 
profi^sses—that of Parkes and the Betts process. This 
• Vide page 57. 
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latter is, at present, on a comparatively small* scale. 
The current is generated by means of gas engines and 
dynamos working at 30 volts. The anodes are larger 
than those in use at Trail, and are formed by pouring 
the metal in a shallow mould laid level on the ground. 
The anodes obtained by this method are far less even 
than with the Truswell mould; and consequently do not 
dissolve so well in the electrolyte, hence a larger propor¬ 
tion of metal is returned as anode scrap. 

The starting sheets are formed by a process of 
W. Valentine, in which the lead is allowed to flow over 
an inclined iron plate which is provided with ridges 
along the edges and which terminates in a mould at the 
bottom which furnishes Pwo projecting lugs on the sheet 
for the purpose of wrapping around the cathode bars. 
The anodes are 33 inches wide and 34 inches deep. A 
current density of 10-12 amp^^res or’y is used and an 
electrolyte containing 8 grams of lead per too c.c. 

The slimes obtained are freed from electrolyte by 
washing and then treating in a filter press. The dried 
slime is then roasted and antimony removed as a lead 
antimony slag, and the remaining gold and silver 
separated by roasting and cupellation. 

With regard to the relative merits of the two refining 
processes, it is found at this smelting works that for rich 
bullion the Betts process is the more economical, whereas 
for the refining of lead with low values the advantage 
lies with the Parkqs process. 

Heferbnce. —A. G. Betts. "Lead Refining by Electrolysis." 1908. 


The Electrolytic Alkali and Chtorine Industry. 

For half a century alkali and bleaching powder have 
been the leading ^yrodupts of England’s chemical 
industry. The starting point for these substances.is 
common salt. In the early part o^ last century if.’was 
observed that a solution of salt underwent decomposition 
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into aflcali and chlorine under the influence of the 
electric current, and towards the end of the eighties the 
possibility of applying this method on an industrial 
scale began to receive a good deal of attention. 

In 1851, C. Watt was granted a patent on a process 
for preparing caustic soda and chlorine by the electro¬ 
lysis of salt, but chiefly through lack of a cheap source 
Q^el^ctric power, this scheme was not carried further. 
In the electrolysis of salt great difficulty was encountered 
through the intermingling of the products of decomposi¬ 
tion. Complications are introduced through the inter¬ 
diffusion of the alkali which, together with hydrogen, 
forms at the cathode and the chlorine which is 
liberated at the anode. In this manner hypochlorite 
and chlorate are also formed, according to the 
conditions of temjDerature and current density. Means 
hacTconsequently be adopted to separate the anode 
and cathode compartments. 

From the year 1888, much experimenting was done on 
this subject and a large number of apparatus patented. 

A process of Richardson and Holland was exploited 
at St. Helens in 1805, a plant of 1,100 H.P. being used. 
This did not prove successful, however, and the 
company subsequently went into liquidation, the 
machinery being sold in 1904. 

Castner-Kellner Electrolytic Alkali Co. Ltd. 

This process was protected by several patents taken 
out by Castner and Kellner during 1892 and 1893, and 
is characterised by the use of a mercury cathode or 
intermediate electrode. The sodium ions of the salt, on 
giving up their electric charge combine with the mercury 
forming an alloy, which is subseqijfntly decomposed in 
another compartment by contact with water, thus giving 
rise'fo pure caustic soda and liberating mercury. In 
this* way the mercufy is used continuously. .A very 
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slight rocking motion is imparted to the cell, oiusing 
the mercury to flow from one compartment into the 
other. A partition between the two compartments 
which extends into a slight trough at the bottom, forms 
an effective seal, keeping the salt solution separated 
from the pure caustic of the cathode chamber. 

A works for carrying out this process was erected at 
Weston Point, near Runcorn, where at presentoabtjut 
4,000 H.P. is consumed. A Mond gas power plant in 
conjunction with large gas engines has recently been 
installed, and is now in use for the greater part of this 
power. 

Castner Sodium Process. 

The Castner-Kellner Electrolytic Alkali Company 
operates a plant for the production ofAodium from*faSed 
caustic soda. This process was first carried out at the 
main works at Weston Point, but when enlargements 
were found necessary, it was decided to remove this 
department from Runcorn and to establish it on the 
Tyne in order to take advantage of power offered them 
by the Newcastle Company (page 120) without themselves 
going to any further expenditure for power generation. 
This change proved a great advantage to them as it 
liberated a large amount of powCT which they were able 
to use in other branches of manufacture. 

The works at Newcastle is situated on ground adjoin¬ 
ing that of the Carville Power Station, and possesses its 
own sub-station where current is received at 6,000 volts, 
three-phase alternating. This is stepped down to about 
i6o volts by means of static air-cooled transformers, and 
then by means of motor generators and rotary 
converters changed^ into. direct current at 250 volts. 
A total of about 5,000 K.W. is now taken frogi the 
Power Company, and extension^ are said tp big in 
progress which will raise thjs.to 8,000 K.W. 
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Hargreaves-Bird Process at Middlewich, Cheshire. 

This was brought out in 1892, and an experimental 
plant was erected at Farnmouth. 

In this process the separation of the alkali and chlorine 
is achieved by the use of a diaphragm formed from a 
composition of asbestos and sodium silicate. This 
diaphragm forms the walls of the anode chamber, and 
ri^aine the salt solution, whilst allowing the ions to pass 
through, under the influence of the current. The 
cathode of copper gauze is placed against the diaphragm 
outside the anode chamber, and steam and carbon 
dioxide are passed through the ca’thode compartment, 
thus forming sodium carbonate with the sodium 
liberated at the cathode. This works is installed at 
Middlewich, Cheshire, directly over an extensive hrine 
dePQ^it. The brine is for this purpose, pumped and 
used directly in the cells without any particular 
treatment. 

About 115 tons of salt per week are decomposed in 
this manner and a yield of 150 tons bleaching powder 
obtained. 

The Hargreaves-Bird cell is akso in use at the plant 
of the West Virginian Pulp and Paper Company at 
Piedmont, W.Va.,* and at Mechanicville, Pa. At the 
former works there are 16 cells installed, each of which 
produces chlorine equivalent to 460 lbs. of 35 per cent, 
bleaching powder per 24 hours. 

The total electrical horse power used for the electro¬ 
lysis is 200. The cost of a cell of this size, including 
royalty in Great Britain, is said to be about ;^’20o. 

Aluminium Industry.'f 

The first aluminium worjes it^ this country was 
e§tpUished at Milton, Staffordshire, by an American 

* Engineering and Minir^ Journal (1907), vol. Ixzxiii, p. 137. 

t Compare page 28. 
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Company, to exploit the process of the Cowles.B?others. 
Until 1892 aluminium alloys were prepared here by an 
electric furnace in which the action of the current was 
purely a thermal one (page 26). This method, replaced 
all the existing chemical processes for preparing 
aluminium alloys and led to their being applied in 
industry. 

In 1886-1887, Htiroult in France, and Hall jp tlje 
States, independently brought out electrolytic processes 
for aluminium which gave the pure metal in distinction 
to the alloys obtained by the above methods. These 
two processes are practically identical and consist in the 
electrolysis of alumina dissolved in fused cryolite. Since 
1891 this has been the sole method by which aluminium 
has been prepared. 

From 1885 to igo6, the price of aluminium grasjgally 
fell from £z. 5s. a lb. to about’ is. 2d., while the 
world’s annual production rose from 3 tons to about 

1.500 tons in the same interval. 

The production of aluminium in 1906 has been 
estimated by J. W. Richards to amount to nearly 

19.500 tons, valued at ;t2,500,000. An estimate made 
by the Metallurgische Gesellschaft for the same period is 
as follows 

United Stales. . 6,000 tons. 

Germany, Austria and Switzerland 3,500 tons. 

France '. 4,000 tons. 

England and Norway . 1,000 tons. 


14,500 tons. 


The world’s output of aluminium in 1907, probably 
approached 20,500 tons (Electrician, March 27th, JgcA). 

* Engineering and Mining Journal, vol. Ixxxiii, p. l083. 
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British*Aluminium Company. 

The works at Milton, of the Cowles Syndicate was 
afterwards taken over by the British Aluminium Co., 
which hfgan operations in 1896, and erected their 
principal works at Foyers in Scotland. Use is here 
made of a water power between Foyers River and Loch 
Ness, a head of over .^oo feet being obtained and a total 
oL6,oj)0 H. P. being generated. Alumina, in the form 
01 Isauxite is obtained from deposits in Ireland, and is 
refined at the works at Larne. 

The metal is sent from Foyers to Milton to be refined 
and cast into bars or made into sheets. 

About 12 E.H.P. hours are needed to produce each 
pound of aluminium. 

Kinlochleven Works.* 

The Falls of Foyers have been fully utili.sed by the 
British Aluminium Company, and on account sf the 
need of further extensions, a scheme for a large hydraulic 
development, near Loch Leven is being undertaken. A 
reservoir is being constructed in a large basin situated 
1,000 feet above .sea level, and only about 5 miles 
distant from the coast. The capacity of the reservoir 
will be about 20,000 million gallons. For the formation 
of this a dam is being constructed which will be over 
half a mile in length, -and a maximum height in the 
middle of 80 feet. The water will be led through a 
concrete conduit along the hill face, for a distance of 
about 3j miles, to the head of the pipe line. The head 
of water at the turbines is stated to be c/oo feet and the 
total power available will be about 60,000 H.P. The 
cost of the undertaking will be about ;^5oo,ooo, and it is 
expected that the process will be started by the summer 
of 1909. Two thousand men hart; been continuously 
empliyed at this work during 1907. 

* Metrician, August 31s^ 1906, p. 764; March 27th, 1908, j). 907. 
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Another factory belonging to this company. is*now in 
operation in Norway at Stangfjord. The British 
Aluminium Company at their annual meeting in June, 
1907, showed a balance, available for interest and 
dividend purposes of 158,903. 

The Aluminium Corporation. 

This is a company which was formed during 19^, 
with a capital of £500,000 to engage in the manmacture 
of aluminium. A works is being erected on Lake 
Eigiau near Conway, in North Wales, where 4,400 H.P. 
will ultimately be developed from water power. Arrange¬ 
ments have also been made for the supply of 1,600 H.P. 
from the North Wales Electric Power Company. 

Another branch of this works is being erected at 
Newcastle-on-Tyne (page 120) on a plot of land adjoining 
the works of the Electric Supply Company from'^ich 
4,00(4K.W. will be taken. 
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No. I SWOIES IN ANATOMY from the Anatomical Departmen 
of the University of Manchester. Vol. iii. Edited by AtFasiD H 
Young, M.B. (Edin.), F.R.C.S., Professor of Anatomy. Demy 8vo 
pp. lx. 289, 23 plates. lOs. net. (Publication No. 10, 1906.) 

“Alt the papers contained in the volume are real additions to the 
knowledge of the subject with which they deal. For three of the studies 
Prof. Young is either in part or wholly responsible, and he is to be 
congratulated on the vigour shown by the Manchester School of 

Anatomists.”—Nature. 

“This work affords admirable evidence of the virility of our younwr 
British Universities. It is a notable addition to an already notaqle 
}hnew. 

“This forms the third volume of the Studies in Anatomy issued by 
the Council, and contains contributions of considerable interest. The 
volume is well printed and bound. It speak.s well for the activity of 
investigation at Manchester.”— Tjjnret. 

“The volume is well got up and is evidence^of the continuation of the 
excellent work which has b^n carried on for so lung a period, under 
Professor A. H. Young’s supervision, and has been encouraged and 
stimulated by his own work .”—lintinh Medical Journal. 

“Throughout the papers, careful research and accurate observation are 
manifested, and they will repay rarefujrperusal. To the Anatomist, as 
well as the practical physician or surgeon, they will prove valuable.’’ 

—Kdinhvrgh Medical Journal. 
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Norwood, M.A., A-ssistant Lecturer in Classics. Demy 8vo, pp. xx. 

188. 58. not. (Publication No. 31, 1908.) 

“The interest of Mr. Norwood’s book, winch ... is a very welcome 
addition to the bibliography of Euripides, and a scholarly and interesting 
piece of work, displaying erudition and insight lieyond tho ordinary, 
lies in the way in which, by applying Dr. Verrall’s methods . . . , he 
first shows up difficulties and inconsi.stencies. some of which have hardly 
been noticed before . . , and then proiliiceH his own .startling theory, 

which he claims is the great solvent ot all the perplexities.’’—.Vofwrrfay 
Re view. 
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view, it must l>e accepted as the true solution of the problem. . . . Mr. 
Norwood is generally clear, and abounds in illuminating thoughts. He 
has added a full bibliography (running to twenty-three pages) of writings 
on Euripides, and for this every scholar will offer his sincere thanks. 

. . . He has done a very good piece of work.’’~Af/ie;«/ww. 

“ This volume forms the first of a Classical Scries projected by the 
Manchester University, who are to l>e congratulated on having begun 
with a book so original and full of interest. ... It is admirably argued, 
and is instinct with a sympathetic imagination. It is, at the very 
least, an extremely able attempt to solve a very complex problem." 

—Manckeeter Guardian. 


“Mr. Norwood demonstrates on every page his scholarship and know¬ 
ledge, and gives proof of much painstaking research. The treatise is as 
v^uJtile as H is intere-sting.”— CitpNevf*. 

“It is a most ingenious theory, and a reviewer whom it has left 
nneonviiced is all the more bound to give his testimony to the consistent 
skill, learning, and independence of jqdgment with which it is presented. 
The Book . . . strikes us as'the product of vigorous and independent 
thought,”—Tiffies. , * 
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No, I. THE LANCASHIRE COTTON INDUSTRY, k S. J. 
Cra?hak, M.A., M. Com., Stanley Jevons Professor *of roUtiesl 
Economy and Dean of the Fscnlty of Commerce. Demy 8 to, pp. 
vii. 309. 7s. 6d. net. (Publication No. 4, 1904.) ‘ 

“ Such a book as this ought to be, and will be, lead far beyond the 
bounds of the trade.”—A/anrA«s<er Guardian. 

"There have been books dealing with various phases of the subject, 
but no other has so abl;^ treated it from the economic as well as from 
the historical point of view.”—ilfaac/ieNfer Courier. 

"The story of the evolution of the industry from small and insignificant 
beginninffs up to its present imposing proportions and highly developed 
and specialised forms, is told in a way to rivet the attention of t^ 

reader .the book is a valuable and instructive treatise onm 

fascinating yet important subject.”—Cotton Factory Tirhee. 

" Highly valuable to all close students.” Rcotman. 

(Gartsioe Report, No. 1.) 

No. 11. COTTON SPINNING AND MANUFACTURING IN THE 
UNITED STATES OF AMERICA. By T. W. UirLBY, B.A., 
Gartside Scholar. Demy 8vo, pp. xii. 70. 1$. net. 

(Publication No. 8, 1906.) 

" Mr. Uttley is to be congratulated on the performance of a not al* 
together easy task, and his no< k, in conception end execution, appears 
to fulfil admirably the intentions of the Tvn&i."—Manchester Courier. 

"The writer gives ample detaili concerning wages and other feature 
ronnected with typical mills . . . anil the inforiiation thus gajher^ » 
of interest and value to the factory operative /ts well as the stu^nt and 
economist.”—CoMon Factory Time!* 

" Mr. Uttley describes how he visited the mills in various States in a 
very systematic and detailed manner. Altogether the report makes an 
admirable and welcome collei'tion of information, and will be found on 
many occasions worthy of reference .”—Textile Mer<ury 
(Gartsihe Report. No 2 ) 

No. III. SOME MODERN CONDITIONS AND RECENT 
DEVELOPMENTS IN IRON AND .STEEL PRODUCTIONS 
IN AMERICA, being a Report to the Gart.side Electors, on the 
results of a Tour in the U.S.A. By Frank Popplswell, B.Sc., 
Gartside Scholar. Demy ttvo, pp. vi. 119. Is. net, 

(Publication No. 21, 1906.) 

"The American methods of iron and st^I production are described, 
from the practical as well as the statistical side.”— Courier. 

" Mr. Poppleweli writes clearly and well, and he is to be congratulated 
upon having carried his task through in so entirely a satisfactory 
manner.”— Manchester City News. 

"America’s progress in iron and steel is more wonderful than any 
bald statistics of production with which we are so familiar can indteato. 
How that process has been effected—effected under labour, transport 
and other difficulties—Mr. Poppleweli tells us in an interesting and 
keenly intelligent review.”— Manchester Guardian 
"A minute observation of detail . . . characterises the whole work.” 

—Iron and Coal Trades Bevisv. 
"Mr. Poppleweli gives a clear exposition of the results of specialisa- 
tion in production, of thr development of oitshandling machinery, and 
of the general use of the charging machine, features that choj^aderuM 
Americim practice. He shows, too, that the colossal blast-fumifse ^th 
huge yield due to high-blast pressure, regardless of consumption of steam 
and boiler coal, is giving place to a bll»t furnace of n^ore iffodest 
dimensiohs. ... ^ . 
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“Tbeimpression derived from reading Mr. Fopplewell*s report is that 
many oT ^ most striking developments, admirable os they are, were 
designed to meet special wants, and are not necessarily applicable in 
Great Britain.”— 

'^Tbe book hu its interest for the educationist as well as for the 
manufacturer.’’--SVotiffliflrt. 

“A chapter of special interest to British consumers is one devoted to 
the consiaeration of raw materials.”— Herald. 


(Gartside Report. No. 3.) 

No. IV. ENGINEERING AND INDUSTRIAL CONDITIONS 
IN THE UNITED STATES. By Frank Foster, M.Sc., Gartside 
Scholar. Demy 8vo, pp. ix. 106. Is. net. 

^ ^ (Publication No. 22, 1906.) 

'‘The report under review is of very great interest to those connected 
with the manufacturing branch of engineering in this country, many of 
whom will have to relinquish their preconceived notions regarding 
American methods, if Mr. Foster’s conclusions are to be accepted.” 

—Electrical Revitio. 

“The book altogether is very readable, and one we can heartily re* 
commend to all interested in the economic.s of engineering.” 

—The Practical Engineer. 

“ Mr. Foster’s observation of facts is fresh and interesting .... the 
technical side of his report exhibits nwxcM (:BX<i."—}!an<'hei‘ter (luardian. 

“The book is well worth reading.”-j|fron and Coal Tiade.* Review. 

“There is much in (he book whicl/will be new to English readers, 
evAi to^hose who ha?e studied the reports of the Moseley and other 
recent ‘commissions.’”— Rilfaet Nc.wk Letter 
No. V. THE KATINtJ GF LAND VAIA'KS. By J. 1). Choblton.M.Sc. 
Demy 8vo, pp. viii. 177. 3s. 6(1. net. (I’nblicatioii No. 23, 

“A timely and temperate treatise on a subject of growing interest.” 

■—Pall Hall Gazette. 

“The writer is learned, intelligent,'progressive, fair and lucid.” 

— Progreet. 

“The facts and deductions are well put.”— We*tcrn Mail. 

"Chapters upon the scheme of the Royal Con»mission (minority report) 
~*BuiIaing Land,’ ‘The Future Increase of Land Values,’ ‘The Muni* 
cipal Bill,’ and others ... set forth with clearness and detail some of 
the many interesting and difficult subjects in connection ivith valuation, 
rates and rating.”—AJatotes Gazette. 

“Mr. Chorlton has made a contribution to this interesting controversy 
which is worthy of the serious attention of all persons interested in the 
subject."—tocof Government Chronicle. 

“The arguments for and against this proposed reform in the taxation 
of land have never been more fairly and freely stated.” 

—TArcrpaol Daily Poet and Hercnry. 

“ Mr. Chorlton deals clearly and concisely with the whole subject of 
"iti^ and land values.”- -The Standard 

“The impartiality and candour of Mr, Chorlton’s method are beyond 
dilute, 9 nd his book will repay careful study by all who are interested 
in the question, from whatever motive.”— Weetmineter Gazette. 

“The first half of this book deserves to become a classic. 

if one of the best books on a practical economic question that haa 
Efwewed for many years. It is not oniy scientifically valuable, but no 
wall written as to he interesting to a novice on the subject.”— The Nation 

“^iiethoughtful and judicially expressed treatise.” 

* ' , - —Manchester City Newt. 

“A Vry businesslike and s^iceabie collection of essays and votes on 
tbia intricate question.”—AfuncAs^fer Guardian. 
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No. VI. DYKING IN GERMANY AND AMERICA. fiy^YDiSiY 
H. Hioqims, M.8c., O&rtside Scholar. Demy 8to, pp. xiii. 112. 
l9. net. (Publication No. 24, 1907.) 

** The book will . . . make a valuable addition to the technical litm* 
ture of thin country.'*—Tribune. 

“The work is one which .... should receive the attention of those 
who desire a general view of the German and American dyeing in* 
dustries.”— Manufacturer. 

“A perusal of the work lead.s us to the conclusion that much useful 
work IS being done by the Gartside scholars, which will give these young 
Uien an excellent insight into the working conditions of various 
industries .’*—Textile Herorder 


No. VII. THK HOUSINO I'ROISLKM IN KNOLANB. tfy 
Ernest Ritson Dewsnup, M.A., Professor of Railway Economics in 
the University of Chicago. Demy 8vo, pp. vii. 327. Ss. net. 

(I’ublication No. 25, 1907.) 

“ Mr. Dewsnup’s book is moat valuable as it provides all essential in¬ 
formation on the subject."*—S^onrfard. 

“All those who are interested in this question, no matter what their 
economic predilections, may ponder with advantage Professor Dewsnup’s 
pi^es .”—Newcastle Daily Chroaich. 

“The study brings together rj weighty an array of facts and argu¬ 
ments that it cannot but prove^structive and suggestive to all classes 
of economists interested in its sui ject.”— Scotsman. 

“ Professor Dewsnup’s view of the whole problem was state(^n 1£C3, 
in a form which won the Warburton Essajt Prize at the Manchester 
University. Now revised and brought up to date, his valuable work has 
taken permanent form.”— Westminster Ornette. 

(Gartside Repout, No. 5.) 

No. Vlll. AMERICAN RUSINESS ENTERPRISE. By Douolae 
Knoop, M.A. Price Is. Gd.^^^t, (Publication No. 30, 1907.) 

“The book is calculated to give a clear and accurate description, 
“essentially intcnd<"d for the general reader,” and the author has quite 
rightly eliminated everything of a teehnical character, giving his theme 
both the simplicity and the interest that are required. . . . The work 
might well have bwn doubled in length without any lo.ss of interest. . . . 
Invaluable a.s a text book.”— The Economic Journal. 


“Should on no account lie missed, for it is a very good attempt at a 
survey of the enormou.s field of American busine.ss in the true and 
judicial spirit .”—Pall Mall Oazette. * 

“Readable, informing, suggestive—full of interest for men engaged in 
almo.st every department of eommercial life .”—Manchester City News. 

“A report of the general conditions of industrial work in the United 
States, together with a most instructive review of the education of the 
business man in their commercial universities.” 

—Mqnchester Daily Dispatch. 

“The report is full of information, and is suggestive throughout." 

—Liverpool Post. 

“Concise, business-like and informative, it emphasises the difference 
between the economic positions of England and of America, and cannot 
but prove instructive to anyone interested in its subject.’’—Srofsffwm. 

“From the point of eiew an intelligent observer and collator, 
trained, alert, well-informed, bringing his mind to bear on the frad^ 
mental elements of commercial progress and success, it ^uld*be 
impossible to estimate it too highly.”—fleUoAf Northern Whig.^ * 

No. IX, THE ARGENTINE AS A MARKET. By N. L. WAm». 

Demy 8vo. la. net. * (Pnblication No. 33, 1908.) 
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No. I. CONTINUATION SCilOOI.S IN ENIJUAND & ELSEWHERE. 
Tbsir place in the Educational System of an Industrial and Com- 
nwreial State. By Michael E. Sadler, M.A., LL.D., Professor of 
the History and Administration of Education. Demy 8vo, pp. xxvi 
779. 88.6d.net. (Publication No. 29, 1907.) 

This work is largely based on an enquiry made by past and present 
Students of the Educational Department of the University of 
Manchester. Chapters on Continuation Schools in the ciermsn 
Entire, Switzerland, Denmark, and France, have been contributed 
by*other writers. 

. . . . gives a record of what the princinal nations are doing in the 
prolongation of school work. It is invaluaole as a corpun of material 
from which to estimate the present position of the world—so far os its 
analogies touch Britain—in ‘ further education,’ as the phrase is.” 

• —Tht Outlook. 

“The most comprehensive book on continuation schools that has yet 
been issued in this country.”—.Vcot/i?/; Itcvu w 

“Professor Sadler has produted an .admirable survey of the past 
history and present condition of the prufileni of further education of the 
people • • • . but apart from his owjf contributions, the bulk of the 
4 ^rk,'and its most valuable portion/consists of m&terial furnished by 
tSfchers^nd by organisers of schools in various parts of England and 
Scotland, by officials of tlft Board of Education an«l the Board of Trade, 
and by local education authorities.’’—.l/uwc/ic.^ter (hiardinn 

“A perfect mine of facts and opinions. ... is certain of a hearty 
welcome from all engaged in administering education.”—^fero/d. 

“This is a book which counts, l^is a worthy treatment of an all- 
important subject, and he who wishes rfis country well must pray that it 

may be read widely.I should be glad to think that I have said 

enough to send many readers post-haste to buy this invaluable treatise.” 

^ —L. J. Chiozza Money. M.P., in the Daily Ntwe. 

“ Professor Sadler’s book is an admirable work on a subject which has 
not hitherto been dealt with in so masterly and complete a manner.” 

— Mam-hefte.r City Ntwn. 

“A volume which may mark a new epoch in educational thought and 
effort in England.”—TAc Tnlfunt. 

"This book will for many years remain the standard authority upon 
its subject.”—7'Ac Guardxan. 

^ “It is indeed a remarkable compilation, and %f: hope that its circula¬ 
tion and its usefulness may be commensurable with its conspicuous 
merits.”—i ht SchoolmasUr. 

“ The whole question is discussed with an elaboration, an insistence on 
detail, and a wisdom that mark this volume a.s the most important 
contribution to educational effort that has yet been made.” 

—Contemporary licriew. 

“This is a most valuable and opportune book, one to be commended 
to the careful attention of every serious studtnt of the social problem.” 

• ^ —Tht Churchman. 

•*Tb#book brims with interest to every man who recognizes the need 
of greater educational ideal^in the masses.”—Co-opcrafiri* New/x. 

“A work which we strongly recommend to all interested in the study 
of the social prob^m.”—f/te hecord. 
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“The subject of the work is one that goes to the vei^ heart of 
national education, and the treatise itself lays bare with a scientific but 
humane hand the evils that beset our educational svstem, the waste of 
life and national energy which that system has been unable in any 
sufficient degree to checS;.”— Spectator. 

“ It is a treasure of facts and judiciou.s opinions in the domain of the 
history and administration of education .”—The Athemfum. 

“The volume represents an immense service to Knglish education, and 
to the future weltare and efficiency of the nation ”— E<hirational Tiwa. 


No.Tl. THE DEMOXSTUATION SCHOOL RECORD. No. I. Being 
Contributions to the Study of Edmation Irnm the Depaftmenk 
of Education in the Umver.sity of Manchester By Professor J. J. 
Findlay. Is. Od. net. (Publication No. 32, 1908.) 

“This volume marks a new departure in Engli.sh Educational litera¬ 
ture .... Some very interesting woik is bemg done and the most 
valuable part of the book is the account of the detailed methods which 
have been employtKl both in the regular teaching in the schools and in 
the efforts to foster the corporate interests nt the children and their 
parents. These iiietlK <ls are often o.\'» eedingly suggestive, and may be 
studied with advantage by these^vho do not accept all the theories upon 
which they are based.” - Sihoul V 

“Profes.sor i'ltnllay and his .skmed and experienced collaborators give 
an interesting account of the-usot, ot the domc^istration clasfk's, 
nature and .scope' ot tlu' work ih-iie in them, and the methods%dcpf^J 
(as well as the underlying prmcifdcs) in soiie*()f the courses of instruc¬ 
tion.” — The Athena iitit. 

“The book gives an inslruclivo account of the attempts made to 
correlate the subject ol school instruction, m t only with each other, but 
also with (he childrens’ pursuits out of school hoiiis . . The problem 
Professor Findlay has set himsei^-'"to work out in the Demonstration 
Schoc'l is. How tar is it possible by working with the children through 
successive culture tpochs ot the human race to tonn within their minds 
not only a truer loncoptiou ot huuiaii history, but also eventually a 
deeper conipreliension of the underlying purpose and oneness of all 
human activities’’ I'n^t 

“Hero the authors take us into thc-ir confidence; we are told what 
their view of a demonstration school is. what cpiestions they hope to 
solve, ami on what primiplos they think ^hc' amwors •■hould be sought. 
. . . . Those interestc'd in educational |>rogrcss wul give the volume a 
coruuvl welcome.”—A’nfi/rr. 


No. HI. THE TE.\CHTNCf OF HTSTURV IN GIRLS’ SCHOOLS 
IN NORTH AND CENTRAL GERMANY. A Report by Eva 
Dodcik, M.A. (Publication No. 34, 1908.) 


HISTORICAL SERIES. 

No. T. MEDIAEVAL MANCHESTER AND THE BEGINNINGS 
OF LANCASHIRE. By Jamks Tait, M.A., Professor of Ancient 
and Mediaival History. Demy 8vo, pp x. 211. 7s. Cd. net. 

o (I’nblication No. 3, 1904.) 

“ Patient and enlightened scholarship and a sense of style and pro¬ 
portion have enabled the writer to produce a work at once so^ «id 
readable .”—English Uistoriral Eeriew. ^ 

“A welcome addition to the literature oT English local history,' not 
merely Mcause it adds i.mch to our Jfnowledge of Manchester and 
I^caahire, but also because it displays a scientific method of treatment 
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which 4l Tsih in this field of study in England.”—Dr. Gross in American 
Bietmeai fteti’ew. 

“La collection no pouvait d4buter plus significatitoment ot plus hours- 
nsement quo par un ouvrage d'histoire du Moyen Age du h M. Tail, car 
reoseigneuient medi^viste est un de ceux (jui font ie plus d’honneur 4 
is jeund University de Manchester, ct c’est a M. le Professeur Tail qu’il 
faut sttribuer une bonne part de ce succes.”— Jfevve. de Syntkhe 
hutorique. 

“The two essays are models of their kind.”— Manrhrffer (Tiiordinn. 


No. II. INITIA OPERl-M l.ATINOUFM qVAE SAKCULIS XIII., 
XIV., XV, ATTUIliFUNTUK. lly A. (1, Litti.k, M.A., Lecturer 
» ilkPalseography. Demy 8vo, pp. xiii. 273 (interleaved). ISs. net. 

(I’lihlicatum No. 5, 1904.) 

"Whoever ha.H attempted to jwmtain the contentH of a Media‘val 
miiscelJaiiy in manuscript must often liuve been annoyed by the fXHMirrenoe 
of a blaiiK space wheu* the title of the treatise ou;;ht l<i Ihj. Mr. Little 
has therefore earned the j^ratilude of all such jH'rsoii.s by making public 
a collection of some 6,<KH) incipits, which he aVraiigcd in the first in-staiice 
for his private use, in compiling a catalogue of Eiaiici.scun MSS.”— 
English Ilistonc.nl Jh ririr. 


No. III. THE OLD (’OLONTAL SVSTEM. Ily Okhai.d Bkiikkley 
Hertz, M.A., B.C.L., Lecturer in Con.stitulional Law. Demy 8vo, 
pp. xi. 232. 5s.net. (Publication No, 7, 

Mr*Hertz gives^s an elaborate^historical study of the old colonial 

system, which disappeared with the American Revolution.Ho 

shows a remarkable kno^vledge of contemporary literature, and his book 
may claim to be a true history of popular opinion '’—Spertntor 

"Mr. Hertz’s book is one which no student of imperial developments 
can neglect. It is luci<l, fair, thorough, and convincing.” 

—(ilftsgoir Hf.rald. 

" Mr. Hertz’s ' Old Colonial Systeili ‘ is ha-sed on a careful study of 
contemporary documents, with the result that .several points of no small 
importance are put in a new light .... it is careful, hone.st work .... 
The story which he tells has its lesson for us.”—77i« Tunei*. 

“Both the ordinary reader and the academic mind will get benefit from_ 
this well-informed and well-written 

“Mr. Hertz ha.s made excellent me of ioiitcitiftorary literature, and 
has given us a very valuable and ihoroujjh cntiqiio The book is in¬ 
teresting and very well written.”--.•D/orocm Pohtirnl Siieitrc I'criew. 

“An interesting, valuable, and very uecessaiy exposition of the 
principles underlying the colonial policy of the eighteenth c«ntury." 

— York.dnre Pnot. 

“A work embodying miuli work and resear<^i . . . Thrp<‘ ino.st im¬ 
pressive chapters sliiould be road by everyone "— Pininnijhain Pouf. 

“Very enlightening.’’---.-lan/'nnn Iliftonml limiiw. 

“Timely and useful.”— .\thrTi<iuni 


No. IV. STUDIES OF ROMAN IMPERIALISM. By W. T. 
Arnold, M.A. Edited by Edward Fidubs, M.A., Lecturer in 
Ancient History, with Memoir of the Author by Mrs. Humphry 
Ward and C. E. Montague. Witl^a Photogravure of W, T. 
Arnold. Demy 8vo, 400 pp. 7s.* 6d, net. 

• •2 (Publication No. 16, 1906.) 

VMrs. Humphry Wanl has used all her delicate and subtle art to 
draw a picture of her belched brother; and his friend Mr. Montagues 
account of his middle life ’s also remarkable for its litefary excel¬ 
lence. ”—.4 M < n/j^m 
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“The rownoir.tenderly and skilfully written by/he^ster 

^d friend/ tells a story, which well deserved to be told, of a life rich 
in aspirations, interests, and friendships, and not without its measure of 
actual achievement."—7Vib«nc. . 

“This geographical sense and his feeling for politics give colour to all 
he wrote."—7'imes. 

“Anyone who desires a general account of the Empire under Augustus 
which is freshly and clearly written and based on wide reading will find 
it here .”—Mancheyier (juardian. 

"Nothing could be better than the sympathetic tribute which Mrs, 
Humphry Ward pays to her brother, or the analysis of his work and 
method by his colleague Mr. Montague. The two together have more 
stuff in them than many big books of recent biography." • * 

— Wfytmin'Htr GazetU. 

The Memoir may be had separately, price 2s. 6d. net. 

No. V, CANON PIETRO CASOLA’S PILOUIMAOE TO* 
JERUSALEM IN THE YEAR 14iW. Ry M. M. Newktt, 
B. A., formerly Jones Fellow. Demy 8vo.. pp. 427. 7s. 6d. net. 

(rublioation No. 26, 1907.) 

“ Thoroughness is characteristic of introduction, the copious notes, 
appendix and index. . . . Miss Newett’s translation is spirited and in* 
teresting . . —MancluHer 6’ourtVr. 

^ “ Casola’s narrative richly deservi^ the honours pf print and transl^ 
tion. The book is a credit to its editor and to the histoncal scllool ot 
M anchester University .”—Morning Leader. * 

“ His narrative is at once simple and dignified in style, convincing and 
interesting in its pictures of the conditions governing travel by sea and 
land four centuries ago ."—Laxly Telegraph. . 

“The book is like a gallery of medi/pval pamtings, full of movement 
and colouring, instinct with tKe of the time .”—ntrmxnghain Post. 

“Miss Newett’s introduction is a ronlribulion of considerable value to 
the history of European commerce.”— fipectator. 

“Forms a noteworthy addition to the number of books from which'a 
knowledge can be gained of the itineraries of the pilgrims to Palestine." 

— Ifirotsman. 

“The whole volume is fascinating. It presents a lively picture of 
bygone times, abounds in curiou.s facts and recalls quaint and pleasing 
ceremonies, and exhibits the aident pilgrim of the past in his true light. 
Miss Newett is alike to bo congratulaWd on her translation,. her 
Introduction (which takes up a third of the volume), and her notes." 

—Manchester Ctty Sews. 

“The work which MIm Margaret Newett has probably saved from 
oblivion is as intrinsically interesting a.s it .should prove in.structive to 
the student of history.”—D<n7v S'ews. 

"One of the most delightful narratives that reqord the impressions of 
a pious pilgrim .”—\Vestndnster Gazette.. 

“ One of the most comprehensive of the itineraries is that now trans¬ 
lated, an important feature of it being its full description of the city of 
Venice.”—7’ac T'me.e 

No. VI. HISTORICAL ESSAYS. Edited by T. K TOUT, M.A., 
Professor of Mediieval ffrid M<Rlern History and James Tait, M.A., 
Profesaor of Ancient and Metliieval HiKtory. Demy 8vo, pp. xv? 557* 
6$. net. Reissueof tlieEilitionof 1902wiUi Index and New Pi^face 
lyhiblication No. 2T, 1907.) 

“Diene 'zwarizig chronoljgiHch geordne^n Aufsktze heisnen in der 
Vorrededer Herauagelier Festekrift, behaiideln ziir Hiilftei^unMer-engUBcbe’ 

• ——-«.- - . . I....— . 
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Tbewii^, bsnatEen reiclilich feHtiUndisclie Literstur and verraten dberall 
net^n weiten Anshlioken eine metliodiBclie Sidmlun^ die der dortigen 
Facalidt hohe Elire inat^ht.” I’rofewHor Lieiieniiann in DetUsc^ 
LUeraturzeituT^, 

“ Imperial history, local history, ecclesiastical history, economic histdry 
and the methods of liisturical teaching—all these are in one way or another 
touched upon hy scholars who liave collulmrateil in this volume. Men 
and women aliice have devote<i their time and pains to working out 
problems of importance and often of no slight dilticulty. Tlie result is 
one of which the university ami city may he justly i»roud.” The late 
Professor York Powell in the Afatir/icxter (hiardian. 

M “E8|o contiene venti lavori storieddettati, <|^mittro da profossoriesedici 
da licenziati del Collegio, e sono tulto scritti appositjimente e condotti 
secondo le piii rijtorose norme della critica e sii documeiiti.” U. Predelli 
in Nuovo Archino Vencio. 

“La variate des siijets et I’crudition avec la(|uclle ils sont traites font 
grand hunneur it la munii*re dontriiistoircest enseigne j\ Owens College.” 
Acw/fi Historique. * 

^ “No one who remls those essjiys will jIo so without acknowledging their 
ability, both in originality and resean-li. 'I'hcy deal uiih liiatoric 
subjects from tlie heginmng.s of Cjcsur-worsliip to the detention of 
Napoleon at St. Helena, and they deal with them in a thoroughgoing 
fashion.” (inardian. 

“Par nature, e’ese ini reeiieil savant, <|iii ti^moigne du rt'sjMict et de 
I emulation ([WirtRliit ^xercerramr ie.s etudes hisLorioiies la jeune ct<l^ji\ 
c^l^bre universite.” Rente akistoire (lionvairi). 

“All these essays reach a high level; they avoid the Wetting sin of 
• most of our present historical 'vriting, which consists of serving up a hash 
of what other liistorians have .vntten flavoured with an original spice of 

error.They are all Iwsed on original reseurcli and written hy 

specialists.” Protessor A. h'. PollSi'l in l\\v Kutjhxh Ilhtoiical Review. 

“Sie hilden einen sch<uien lleweis fur die ralionelle Art, mil der dort 
dieses Studium betriehen wild.” Professor O. Welter in Histontehe 
Ztitsehnft. 

The Index can he purchased separately price 6d. 

MEDICAL SERIES. 

No. 1, SKKTCHKS OK.THK JdVKS AM) WORK OK THE 
HONORARY MKDK’ALSTAKKOK THE ROYAL INKIRMAHY. 
From its foundation in 1752 to 1830, when it became the Royal 
Infirmary. Ry EiJward MAVSFiEr.D llRorKBANK, M.D., M.R.C.P. 
Crown 4to. (illustrated). Pp. vii. 311. ^s. net. 

(Publication No. 1, 1904.) 

“ Dr. Brockbank’s is a book of varied interest. It also deserves a 
welcome as one of the«earliest of the * Publications of the University of 
Manchester .’”—Manchester Cvardian ^ 

“We have a valuable contribution to local Medical Literature,” 

—Datly Dispatch. 

No. II. PRACTICAL PKKSCUIltl.NO AND DISPENSING. For 
Medical Students. By Wilumi KiltHKY, sometime Lecturer in 
, , l^armacognosy in the Owens College, Manchester. Crown 8vo, 
^ pp. 5s. net. 

(Puiliff'Htiori No. 2, 19i)4, S<?tond edition, 1906.) 

“The whole of the matter bears the impress of that technical skill 
and thoroughness with whicn Mr. Kirkby s name must invariably be 


Cro88 Street, Manchester 



ntoltCATiONS. 


iMOciatfld, and ihe^jpok diuit welcomed as one of the a3osf\aeftiI 
reoeat additions to tne working library of prescribers and dispensers.” 

- ‘-'Pharmaceutical Jnumal. 

. '* TJ^pfon^hly practical, ti&xt-books on the subject are so rare, that we 
welcome with pleasure Mr. William Kirkby’s * Practical Prescribing and 
Di^ensing.’ The book is'written by a pharmacist expressly for medical 
students, and the author has been most happy in conceiving its scope 
and arrangement.”— Medical Journal. 

*' The work appears to be peculiarly free from blemishes and particularly 
full in practical detail. It is manifestly the work of one who is a skilled 
chemist, and an expert pharmacist, and who knows not only the re¬ 
quirements of the modern student but the best way in which nis^needs^ 
may be met.”—il/«dtraf Prens. 

“This is a very sensible and useful manual.”—TAe Iloe-^tal. 

“The book will be found very useful to any students during a course 
of practical dispensing.”— .S’t. linriholomfw'ft }{oi<j)itnl Jotirnal. 

"The book is a model, being tutorial from beginning to end.” 

• —The ChemiH and DruggUt. 


No. III. HANDBOOK OF SIJIKIU’AH ANATOMY. By G. A. 
Whioht, B.A.. M.B. (Oxon.). F.R.CS., Professor of Systematic 
Surgery, and C. H. Preston M.D., F.R.C.S., L.D.S., Lecturer on 
Dental Anatomy; Assistant Dental Surgeon to the Victoria Dental 
Hospital of Manchester. Crown 8vo, pn ix. 20.'). Second edition. 
6s. net. \ (Publia;?tiQr^^. 6. A>905.) ^ 

“ We can heartily recommend the volume to students, and especially to 
those preparing for a final examination in surgiry.”— 

“Dr. Wright and Dr. Preston have produced a concise and very 
readable little handbook of surgical applied anatomy. . . . The subject 
'matter of the book is well arranged and the marginal notes in bold type 
facilitate reference to any desired [io\yt’."~Laiuct 

No. IV. A CODUSK OF INKTIUHTION IN OPERATIVE 
SUKCEU^’ in the I'nivoiNity of MunclieMtor. By William 
TnonnuRN, M.D.. B.vS. (bond.). F.R.t^S., Lecturer in Operative 
Surgery. Crown 8vo, pp. 75. 2s. 6d. net. 

(Publication No. 11, 1906.) 

“This little hook gives the junior .student all that he wants, and no¬ 
thing that he does not want. Its si^e is handy, and altogether for its 
purpose it is excellent .”—Vnivtreity Uerxevi 
"As a working guide it is excellent.”— Kdinhurtjh Medical Journhl. 


No. V. A HANDBOOK OF LEGAL MEDICINE. By W. Skllam, 
M.D. (London), of ^the Middle Temple and Northern Circuit, 
Barrister-at-law. Wifh Illustrations. Crown 8vo. pp. vii. 233. 
7s. 6d. net. (Publication No. 14, 1906.^ 

“ This is quite one of the best books of the kind we have come 
i across ."—Law Times. 


No. VI. A CATALOGUE OF THE I’ATHOLOGICAL MUSEUM 
OF THE UNIVEUSITV OF MANCHESTER. Edited by J. 
Lorrain Smith, M.A.. M.D. (Edin.), Professor of Pathology. 
Crown 4to, 1260 pp. Is. 6d. net. (Publication No. 15,1906.) 
“The catalogue compares very favourably with others of a smihuf 
character, and, apart from its value for4*^hing purposes in an im¬ 
portant medical school such as that of the diversity of Manchester, it 
IS capable ef being of great assistance to otjjers as a work of reference.” 

—Edinburgh lifedical Joumid. 

*■ 84, Cross Street, Menchestc^ 


**I#c<a^lusion we need only* say ,tfcat P^ifess^ Lorraia Smiti^ b|a 
perfonned tbe raost essentlai of his task—^ description of the 
specimens—excellently, and an nonourable mei^ion must be Aiade,of the 
book as a publication /—Mtdicol Jour^td. ' 

No. VII. HANDBOOK OF DISKASES OI> THE HEART. By 
Graham Steell, M.l)., F.R.C.I’., l^ofe-ssiir of Medicine, and 
Physician to the Manchester Royal Inlirmary. Crown Uvq, 
pp. zii. 389, 11 plates (5 in colours), and 100 illustrations in the te^t. 

7s. 6d. net. (Publication 20, 1906.) 

“It more truly reilects nuKlern idca^ of heart than any l>ook 

we are acHjnainted witli, and tlicreforc may he heartily recommended to 
•our readers.”— Tmitmcni. * 

“We rei^anl this volume as an extremely useful j;ui(le to the study of 
diseases of the heait, and consider that no hettor introduction to the 
subject could pos-sibly have lieen written .”—Mnluol Tnufti and Hospital 
Omette. 

“ We can (sirdially recommend Dr. Stisdl's Iniok ns ^'Ivin^' an excellent 
and thomujxhly j)racti<‘al ac<*ount of the subject of which it treats.”— 
Hdinhurtjh Medical lUricir. 

No. Vlll. JULIUS DRKSUHKELD. IN MEMOllIAM. Medical 
Studic.s by his colleagues uiul piijuls at (he Manchester University 
and the Koval Infirmary. (Puhlnalion .No. IP), 

. —*PHYSICAL SERIES. 

No. I. THE IMIYSK.’AI, I.ABOKATOIIIKS OF THE lINIVEIt- 
Sri'Y OK iMAN( JIESTEH. A record of 2o voais' work. Demy 8vo, 
pp. 142, 10 Plates, 4 Plan.s.. 5s. nut. (Publication No. 13, 19U6.) 

This volume contains an Mluslratcd dcsiription of the Physical, 
Electrical En^jineenriji, and^lcclro-Uhcmi.stry Laboratories of the 
Manchester University, also a complete ihogr.iphtcal and Riblio* 
graphical Record of th(<sc who h.ive worked in (he I'hysics Depart* 
rnent of the University during the past 2<t years. 

“The hook is exccllcntlv got up, and contain'* a de-criptioii of tlie 
department of physi<;M and itN eipiiiniioni, a “hoit hiographical akotch of 
the l^rofessor ssilli a li'*t of his scientilii- willing'* and a well-executed 
portrait and a rei-ord of the career of studciil.s ami otlicis who have passed 
through Dr. SchuHter's hands. .Miimni of Owmis «ill welcome the 
volume as an interesting Inilv with their alma mater."— Herald. 

“This interesting and saliialile contnliution to the history of the 
Manehesfer Unixersity also contains scvcial illustrations, and mnns the 
iiret of tlie ‘pliysical scries’ of llie puhlicaiions of the University of 
Manche.ster .”—fhe 'hnns ^ 

"A recoid of acliiexoiiieiit of whicli no man m*cil he ashamed"—| 
1f^est7ninste/' Gazette. 

“ It is a memoiial of which any niaii would be justly proud, ami the ^ 
University of wldch he is both an alumnus and a professor ma y w elK 
eliare that priile.’’— Gaurdian. 

PUBLIC HEALTH SERIES. 

No. I. ARCHIVES OK THE l‘i!«I.l(*HEA],TH EABORATORY 
. . J)F THE UNIVERSITY OF MANCHESTER. Ivlitod by 
A. Sheeidan DxLipi^ M.Sc., M.B., Ch.M., Director of the 
Laboratory and Prorffir Professor of Comparative Pathology and 
Bacteriology. Crown 4to. pp. iv. 451. £1. Is. net. . 

(Publication No. 12, 1906.) 

--- .» 


',p, Cross Street,’Jlancliestfr 
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MANCHESTER UNIVERSITY PtttLICATiCNS 

PUBLIC HEALTH SERIES. 

“ The University of Manchester has taken the important and Ihghly 
commendable step of commencing the publication of the archives ^ iu 
Public Health Laboratory, and has issued, under the able and judicious 
editorship of Professor Sheridan Del6pine, the first volume of a series 
that promises to be of no small interest and value alike to members of 
the medical profession and to those of the laity. . . . Original communica¬ 
tions bearing upon diseases which are prevalent in the districts sur¬ 
rounding Manchester, or dealing with food- and water-supplies, air, 
disDosal of ^use, sterilisation and disinfection and kindred subjects, 
will be published in future volumes; and it is manifest that thei, as 
they successively appear, will form a constantly increasing body of trust¬ 
worthy information upon subjects which are not only of the highest^ 
interest to the profession but of supreme importance to t^ public!”— 

Tht fjanett. 

It 18 safe to say that as these volumes accumulate they will form 
one of the most important works of reference on questions of public 
health,_ and ought, at all events, to be in the library of every public 
authority .”—ManchaUr Gu(trd\an. 

“ The volume .... speaks well for the activity of investigation in 
Manchester.”— 

THEOLOGICAL SERIES. 

No. I. INAUdUKAL LtX'TrU^^S ilelivered jjiiri iig t he Sch-sion--* 

1904-,’i, by the Professors and Ijecturers of the Faculf^ I’rflcology, 

VIS. « 

Prof. T. F. Tout, M.A.; Prof. A. S. Peake, B.D.; Prof. H. W. 

Hogg. M.A.; Prof. T. W. Rhys Lavids, LL D.; Rev. W. F. 

• Adeney, D.I).; Rev. A. Gordon, Si. i. ; Rev. L. Hasse, B.D.; liov. 

Canon E. T.. HM'KS, M.A.; Hevy-H. 1). Lockett, M..\.; Uev. R. 

Mackintosh, D.I).: Bcv. J. T. Marshall, D.I).; Rev. J. H. Moulton, 

D.Iatt. 

Edited by A. S. Peake, B D.. Doan of the Faculty. 

Demy 8vo, pp. xi. 296. 73. 6d. net. 

(Publication No. 9,19()o.) 

“The lectures, while .scholarly, are at the same time popular, and will 
be found interesting and instructive hy those who are not theologians. 

. . . The entire series is excellent, and the volume deserves a wide 
circulation SVo/,«//mn •* 

"This is a very welcome volume . . . All these lectures were delivered 
to popular audiences, yet they are far from superficial, and will be 
found of groat value to busy pastors and tcachcri”— World. 

“ We welcome the volunl^ as a most auspicious sign of the times.” 
g *' — Sptetator. 

“The lectures themselves give a valuable conspectus of the present 
position of Theological research. . . . They are, of course, not addressed 
A to experts, but they are exceedingly valuable, even when allowance is 
miit, R. their more or less popular form.”— Exomintr. 

“The whole volume forms a very important and valuable contribution 
to the cause of Theological learning.”— Jitrord. 

“This is a most intereating^and valuable book, the appearance of which 
at the present moment is singularly*signifioant. . . . Rut it is impossible 
in a brief review to indicate all the treasures of this rich volumf. 
read which carefully is to be introduced t«v^e varied wealth of modem 
Biblical $cholar.ship.”— 

“This volume is of the nost exceptional^value and interest.” 

—E^ontory 7’imes. 


60, ChniKlos SJrect, London, y.C. 



MANCHESTpl UNiyERSITY PUBUeATtONS- 

THEOLOQICAU SERIES. 

w'DUa is ft book of more than common interest." 

• —7?er»ew of Theology and Phxloeophy. 

“The writers of these lectures do not attempt to offer more than 
samples of their wares; but what is given is good, and it may be seen 
that theology without tests is destitute neither of scientific value nor of 
human interests.”—i4t^en6p«m. 

LECTURES. 

No: I. GARDEN CITIES (Warhurton liectnre). By Nkville, 
K.C. dd. net. (Lecture No. 1,191)o.) 


Nb. U. THE llANKGF ENGLAND AND THE STATE (A Lecture). 
* By Sir Felix Schuster 6d. net. (Lecture No. % IDu.).) 

No. III. BEAHINt; AND IMPDKTAxNCE <)E COMMERCIAL 
TREATIES IN THE TWENTIETH CENTCKY. By Sir Thomas 
Barclay. 6(1. net. (Lecture No. 3, 1006.) 

No IV. THE SCIENCE OE l,.\N(iC..\flE .\NI) THE STUDY OF 
THE CHEEK TESTAMENT (A Eoctuie). B.v .Iamk.s, Hoi-e 
Moulton. M.A., Litt.D. 6(1. (l4n'tur(^ No. 4, HKW.) 


No. V. THE GENERAL MEDK'AL COUNCIL: ITS POWERS 
AND ITS WORK (A Lecture). By Donald Macalister, M.A., 
M.D., B.Sc., D.C.L., LL.D. M. net. 

• # (Lecture No.IIXNI.) 

No. VI. THE (NINTkVsTS I.< D.VNTE (A l.cctiirc). liy tlie Hon. 
AVilliam Warren VEbitpN, M.A. 6d. net 

(Lecture No. 6, 19(H>.) 


No. VTI. THE IMIESKHVAT\^' OK PLACES OF INTEREST OR 
BEAUTY-(A Lecture). ByftirlUuiKHT Huntku. Gd. net. 

(Lecture No. 7, 19 <j7.) 


CALENDARS. 


CALENDAR OE THE VICTORIA UNIVERSITY OF MAN¬ 
CHESTER. Session 19<>t-5. Dciiiy Hvo, lUm jjn. :ls. net. 

(Unblieation No. 17.) 


NDAR OF TJ(E*VTCTt 
HESTER. SeR^ni 19()3-6. : 


CALENDAR 

CHEST 


OHIA UNIVERSITY OE MAN- 
Deiny Svo, 1200 i>i». its. net. * 

(Uiil)iiejition No. IS.) 

CALENDAR OF ,'THE VICTORIA ^TVERSITY OF MAN¬ 
CHESTER. Session 1906-7. Demy Svo, ISIS) iip. Its. net. 

(Fnljlieation No. 19.) 

CALENDAR OE THE VICTORIA UNIVERSITY O K MAN< 
CHESTER. Session 1907-8. Demy Svo, 1400 pp. 38. n6P" 

(Publication No. 28.) 


CALENDAR OF THE VICTORIA JINIVERSITY OE MAN¬ 
CHESTER. Session 1908-9. Demy "vo, 1460 pp 3s. net. 

* • * (Publication No. 37.) 

THE RtlOISTER OF (jIfADDATES OF THE UNIVERSITY OF 
MANCHESTER DP XO JULY 1908. 

^ SO, Chsndos Street, London, W.C. 








The followlag are'in preparation and will be leaned shortly: 


Celtic Series. No. I. 


AS INTRODUCTION TO EARLY WELSH. By the*late Prof. 
J.*Strachan, M.A., LL.D. Edited and completed by Prof. Kono 
Mkykb, Pb.D. Demy 8Vo. 

This work will comprise a Grammar of Early Welsh with special 
reference to^Middle-welsli prose. To tlie <(raninmr will be added 
selected pass^tes from Early Welsh texts in prose and verse, together 
with notes and a glossary compiled by Tiuotuy Lewis, B.A. 

* [In October. 


A GLOSSARY TO THE BLACK BOOK OF CHIRK MANU¬ 
SCRIPT OF THE WELSH LAWS. By Timo^hv Lewis, B.A. 
Demy 8vo. 

This will inclmle a complete glossary to tlie oldest copy of the “ Laws 
of Howel Dda,” contained In tlie “Black Book of Clark,” and will l)e 
liased on the photographic facsimile of that manuscript which is about to 
l>e published by I)r. .1. (Iwenogvryn Evans in his collection of Welsh 
texto. ' [In Prqmration, 


THE LANGUAGE OF THE ANNALS OF ULSTER. By Tomas 
O’MAillb, M.A. Dciny Hvo. '* •■•Wesra'* 

The objects of this dissertation are'fir.stly /» inve.stigate the date at 
which certain old-Irish phonological dev'iopments took place, and 
secondly to give an account of old-lrish xpclonsion ns evidenced by the 
language of the Annals of Ulster. Ai/ Apijondix on the analysis of 
Irish personal names is appended. ^ [In Prcfaration. 


Economic Series. 

SOME ELECTRO-CHEMICAL CENTRES. Gtirlsidc Report. By 
J. N. Pring, M.Sc [Zn the Press. 


Historical Series^ 

STUDIES SUPPLEMENTARY TO STUBBS' CONSTITUTIONAL 
HISTORY. Vol I. By (.'ir. Petit-I)UTaHj.is, I.it.D., rector of 
the University of Grenoble. Translated fronVthe French by W. E. 
Rhodes, M.A., and eli^pd by Prof. James T/Ut, M.A. 

This work will coiisUt ot the translation of t'e studies and notes 
appended hy Prof. Petit-Diilnilhs to his tran.slati'^n into French of the 
first volume of Stubbs’ Con.^tituUonol Ili-itonj of hJrujland. It is believed 
present to English students and teachers a summary of 
the re^vs of recent hi.storical research so far as they throw light upon 
or modify the conclusions e.xpi’cssed thirty years ago hy the late Bishop 
Stubbs. [Zn October. 


HANES GRUFFY^D AP CYNAN. Tlie^'elsli text with translailbc, 
introduction, and notes by Arthur tnUk'ES, M.A., Jonea Fellow in 
History. Demy 8vo. [/» Preparation* 


60,rCbasdos Street, London, W.C? 



DRDHWEfcUAN CONQUEST ANIK •^TTtEMENT Of 
ILaND. By HOBEKt Orator, M.A., forlntoly BsrValeyEellow. 
bySvo. ' , . 

\r]c will conBist of a series of unpublished documents relatinl^ 
fi»tory of Ireland from 1651 to 1^9, arranged, inodemite^ and 
wifti iiftroduction, notes, etc., by Mr. Dcnloi*. 

[In Prtpwation^ 


edited, wifh iiftroduction, notes, etc., by Mr. Dcnloi*. 

Medical Series. 

HANDBOOK OF INFECTIOUS DISEASES. By R. 
M.D. 


W. MAnsoEN, 
llmmcdiaUly. 


MODERN PROBLEMS IN PSYCHIATRY. By E. Luoaro, Professor 
of Nervous and Mental Diseases in the Univer.sity of Modena. 

• Translated from the Italian by David Our. M.I)., Assistant Medical 
OfBcer and Pathologist to the County Asylum, Prestwuh; and 
R. G. Rowt M.D., Assistant Medical Officer and Pathologist to the 
County Asylum, Lancaster. With an mtroduclion by T. S. Clouston, 
M.D., Physician Superintendent, Koval Asylum, Moiningsidc, and 
Lecturer on Mental Discase.s in Edinbuiigh University. 

Deals with Iho problems met with in studying the causation of in¬ 
sanity. These problems are discu.ssed umlcr the headings of psycho¬ 
logical, anatomical, pathogenetic, etiological, nosalugical, social and 
practical. There are 13 illustrations in the anatomical .sci tion. 

[In Prvpmation. 


DISEA^^^! OF T^fE EAR. By W. Mm.lkiax, M.D., Lei^tnrer on 
Disea^Pt't ine Ear and Nastfl Surgeon to the Manchester Royal 
Infirmary. ^ > [//, Pri-pumtinn. 

DISEASES OF THE EYh. By C. E. Clascott, M.D., Lecturer on 
Ophthalmology, and A. Hi l Guifkith, M.D., Ophthalmic Surgeon 
to the Manchester Royal Intrmary. [/» 

HANDBOOK OF NERVOUS Dl!?EASES. By Jl'dson S. Buitv. M.D., 
Lecturer on Clinical Neurology and Physician to the Manchester 
Royal Infirmary. [In I'l-rpamtion. 


Zoological Series. 

STRUCTURE. DEVELOPMENT AM) BlONOMfCS OF THE 
HOUSE FLY. By C. Cordon Htwirr. M.Sc. [In }*tciiarution. 

/ — 

The following work» though not technically Publications of the 
University of Mnehester, are also issued from the University 
Press 

MELANDKA CASTILE, Iieing the Report of the Mum-liester and 
District Branch ol the Cla.ssicai Association for 1905. Edited by 
R. 8. Conway, Litt.D. Introdiution by Rev. E. L. Hicks^^LA^ 
Demy 8vo. Illustrated. 6s. net. 

TRANSACTIONS OF THE INTERNATIONAL UNION FOR CO¬ 
OPERATION IN SOLAR RESEARCH {Vol. i., First and Second 

^ (^ferences). Demy 8vo, 260 pp# aiid^late. 7s. 6d. net. 

xiftPBOOK OF RUTH (Ujjj^inted Text). 6<1, net. 

THE BOOK OF AMOS. (Unpointed Text.) 6d. net. 


), Chandos Street, Londan, 1V»C. 


SCENES E«OM THB^UbENS^'jj^ ijlAUtfUl^' jrfth a f»j»l»tln 
into E^gibhiVerieV _ Edited by ^Conway, Litt.D;, Prohor of 
, Latin in tin Upiversity-. ed. Del. ' > . ' * * * / 

tffK M0STKLLARIA;PF PLAUO’Uff.' Acting ediMohavit/a transla- 
^ tion'into English'Vem Edited ty Norwood, M.A. Is. net. 


TfTE TEACHIN*0'OF HISTO^X AND OTHER PAPERS., By H. 

L. Wiit uRs. Edited 1)y J. H. Fowler. ,Grown 8vo, 270 pp. 

48. 6d. ii|t. ■ ' _ 

“An interesting memorial o'f a Wacher who Was n real enthusiast for 
education.”—-77(H? Timen. , ^ ^ 

“We cap cordially commend this little book to the somewhat limited 
but slowly widening circle who are likely to be interest^^ in educational 
pnhciples and organization.”—77<« Gmrdian. 


A tardiness in nature AND OTHER PAPERS. By Mary . 
CkRiSTiB. Edited, with Introductory Nota And Memoir, by Mxtjd 
Withers. CroVn 8vo, 331 pp. 3s. net. * 

.“•The essays upon Thackeray, (luorge Eliot, an.d R. L. Stevenson in 
this volume could scarcely be bettered ."—The Quardian. 

“The life-story of a quite rcmark^vble womah—ofr i^woD)|jL*inho used 
her gifts afways to the furthering 
life.”— Tribune. 


of".jill that’s sweetest and noblest in 


MUSICAL CRITICISMS. By Arthj r Johnstone. With a Memoir 
•of the Author by Henry REEci^and Oliver Elton. Grown 8v6, 
, 225 pp. 5s. net. 

“.Without*the smallest anectation or laboured attempts at smartness, 
Mr. John.stone contnved alway.s to throw frc.sh light on tlie matter in 
' hand; and 'at the same time to present his opinions in a form which 
'could be understood and enjoyed by the non-musical reader.”— 
We’etnnnHer Gazette , 

“ Everyone who welcomes guidance a.s to vwhat is best in music, 
everyone wlio watches with some degree of fWination the power of 
analysis, everyone who reads with a sense of sa\ olfaction English, as it 
may be written by a m)l\er of the craft, shod d read this Ifook.”— 
The Musical World. '' 

i 

S^^JIANCII ESTER BOXS. By C. E. B. Uusskll. With an Introduc- 
liy E. T. C.VMl’AdNAC. Crown Mvo. '2 h. dd. net 
“ Mr. Charles E. B. Russell has written a most interesting and 
thought-compelling book on« a subject of almost vital importance.”— 
Yorhthire Post. , 

“Altogether it is an inspiring bookj^^iverfool Daily Post and 
Me.rcury. 


60„ Chandos Street, London, W.CS.. 






